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ABSTRACT 
Heavy metals, such as Zn, Cu, Pb, which often appear in mine drainage or other 
industrial drainages, are toxic at extremely low concentration. This kind of human 
emission would increase the toxicity of river water. Besides, there are naturally 
occurring rocks or soils with high heavy metal enrichment. While this kind of 
geological materials react with rainwater or groundwater, high heavy metal 
accumulation will generate in the sources to rivers. This can be regarded as the naturally 
occurred high heavy metal accumulation. Thus, if to make a good environmental 
standard we should think about not only the safety requirement but also the naturally 
occurred high heavy metal accumulation. At present, heavy metal pollutions in river 
water have been focused on by scholars, especially the problems in special area, such as 
mining area. Heavy metals in river sediments are important environmental indicators, 
relating to both environment quality of water body and geological features. GIS is 
widely used in environmental studies for its powerful functions of visualizing 
environmental data by GIS-based map, and analyzing the spatial characteristic of 
environmental situation.  
However, it is still a challenge to find out pollution sources and to clear out the 
unknown internal pollution specifics in a watershed, and difficult to identify the 
anthropogenic pollution sources and to access their downstream impacts. The 
environmental and pollution situation in one watershed may be influenced by both the 
natural fundamental information and human actives inside. This research gives a new 
way that integrated water dynamics, GIS, chemical analysis together for watershed 
 II 
environmental investigation, in order to assess the heavy metal behaviors in river water 
and sediments in Hokuroku mining area, Northeast Japan. 
The study area was divided into 18 individual tributaries polygons and 7 
mainstream polygons based on DEM data in ArcGIS. The land use intensity in the study 
area is relatively low with a high forest coverage of more that 77%. Unit time output of 
human emissions and their concentrations of heavy metals from human drainages were 
calculated. Water discharges at the monitoring points were analyzed, while that in high 
water season was larger than in low water season, about 5 times the amount as in low 
water season at the downstream. As a hydrological event, water discharge in rainy day 
was quite larger than those of other seasons, about 8 times the amount as in low water 
season at the downstream.  
The water quality was bound up with the location of the monitoring points both in 
the high water season and low water season. Spatial variations of heavy metal 
concentrations were recognized. The larger water flow rate in high water season 
effectively diluted the pollutants, since the heavy metal concentration in low water 
season is larger than in high water season. High heavy metal concentration peaks show 
relation with the mine site location. The heavy metal concentrations of bulk sample 
were larger than those in the filtered samples, and the differences were more remarkable 
in rainy day. The extremely high heavy metal contents in bulk samples occurred in 
polygon 205, polygon 601 and polygon 612. The tiny geological particles of surface 
land in Polygon 205, polygon 601 and polygon 612 were easily migrated by rain water 
wash. Heavy metal Cd has strong correlation with both Zn and Cu in river water while 
there was strong correlation between heavy metal Zn and Pb in river water. Total heavy 
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metal contents in river sediments show obvious spatial variations. There is strong 
correlation between Pb and As in river sediments. Bioavailable of Zn, Cu and As 
increased in the downstream. The contents of Cu and As in residue fraction accounted 
for a great proportion of the total amount, revealing that Cu and As were difficult to 
release to environment. While Zn and Pb dissolved out large parts in the BCR steps 
compared to Cu, As and Cd, indicating the easier dissolution. The pollution risks of 
heavy metals show strong variation in space. The potential risk of Zn in the study area 
was relatively high. Cu was not so easy to release to the environment as Zn, and safer 
for human being. The pollution risk of As in the study area was slight, and As was 
difficult to dissolve out and transfer to the aquatic environment. The pollution risk of 
heavy metal Pb was relatively high, because of the extremely large proportion of 
bio-potential-available Pb. The high potential risk of Zn in the study area was on 
account of the high Zn percentages in each fraction. The considerable enrichment of Zn 
in the study was revealed, consistent with that the study area was mining district area 
for Zn-Pb-Cu-Au-Ag massive sulphide deposits. 
The effects from land use to river water quality is slight in study are, since there 
was no obvious correlations between heavy concentration in river water and land use 
structure. Zn and Cu in river water were largely derived from natural precipitation but 
human drainages. Since there are strong correlations between the concentrations in river 
water and concentrations indifferent existing form of river sediments. PCA retained 
three factors for heavy metals in river water, Factor 1 named as Zn-Pb factor, indicating 
the natural influence of geological background to heavy metals in rivers. The Cu-factor 
indicates outside disturbance. PCA retained four factors for heavy metals in river 
sediments. Factor 1 and Factor 2 indicated two different geological characteristic forms. 
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One of the two was associated with iron oxide and silica oxide. The sampling sites were 
grouped into 3 clusters, while cluster 3 with the highest pollution level corresponds to 
mine sites polygons. 
Heavy metal outflows from sub-watershed polygons and human emissions were 
calculated, and their accumulation effects from the upstream to the downstream were 
analyzed, so as to clear out the pollution sources of heavy metals in Kosaka River. The 
conclusions in this chapter are as follows. Natural heavy metal outflows from the 
tributary polygons to the mainstream show strong variations in time and space, and had 
different influence to the mainstream water quality. For all the heavy metals and As, the 
outflows turned to be: rainy day > high water season > low water season. Mine site 
polygon 401 is a big pollution source in local, need treatment. Polygon 601+602 might 
change to an obvious pollution sources zone with large outflow amount of heavy metals 
to the mainstream in rainy day. Dominant human drainages significantly affect the river 
water quality in local. The effect of human drainages affecting on the mainstream water 
quality was more serious in low water season than high water season and rainy day. 
While the influences of human drainage were slight in rainy day with lower contribution 
rate, due to the dilution effect of the larger water discharge. The environmental effect of 
heavy metals in the upstream area was slight for Kosaka watershed compared to the 
downstream area, which sharply increased caused by the large heavy metal flows from 
the tributary polygons and Kosaka refinery. In general, it is possible to estimate heavy 
metal content in the downstream based on all the upstream discharge information by 
mass balance analysis. Similarly, it is also possible to estimate the unmonitored 
tributaries branches when knowing the right upstream and downstream heavy metal 
discharge information. 
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1. INTRODUCTION 
1.1. Background 
Currently, the water quality has become an important factor restricting the 
socio-economic and environmentally sustainable development. Heavy metals in virtue 
of their toxic effects on life in aquatic system are considered as serious inorganic 
pollutants. Heavy metal content as an important regional environment signal, behaves in 
surface (river) water, river sediments, soils and etc... Regional heavy metal behaviors 
might be affected by many factors, such as, water discharge, land use/ land cover, 
vegetation features, soil type and other geological features, and also affected by mine 
sites.  
Heavy metal concentrations in the river water increase environmental risks as a 
toxicity, particularly, copper, zinc and arsenic, which may be representative polluted 
elements in mine drainage (Lei et al., 2009), having a high enrichment factor, high 
migration and diffusion rate, and slow removal rate. They are introduced naturally 
through the weathering of land covers as well as a variety of human activities, including 
mining, smelting, and agricultural practices, have released countless tons of trace 
elements into the environment (David et al.,1994). 
Sediments function as a sink for heavy metals from diverse sources, reflecting the 
natural geological environment of the surrounding areas, as well as human activities. 
Human land use affects the natural geological and biological redistribution of heavy 
metals through pollution of air, water and soil which could lead to heavy metals toxicity 
by allowing it to bio-accumulate in plants, animals and soils (Peter and Adeniyi, 2011).  
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Most of the metal mines in Japan had been already closed, however, there still is 
mine wastewater generating from the depositional remaining or mine waste residue of 
the abandoned mines. Mine drainage contains several amounts of heavy metals and 
related high risk elements, whichcauses varieties of effects on river water quality. Acid 
generation and metals dissolution are the primary problems associated with pollution 
from mining or smelting activities (Vega et al., 1998), which is usuallyappearing in the 
form of acid industrial drainage (Varol et al., 2012).As point source pollutant, these 
kinds of drainages need proper treatments before discharge. The overall effect of mine 
drainage may be dependent on physicochemical conditions such as the discharge 
volume, pH, the flow (dilution) rate, the high concentration of dissolved heavy metals, 
and some other factors (Shrestha and Kazama, 2007). In another hand, mining district 
shows relatively high amounts of heavy metal concentration in geological 
circumstances due to regional mineralization and/or related geological processes (Otto, 
1998; Charkhabi et al., 2008). Background of heavy metal concentrations in soils and 
rocks in mining district has some effects of enrichment of heavy metals in river water 
and groundwater (Costello, 2003). Both point and diffuse sources contribute to the total 
metal load of rivers and they can be distinguished by using inventories and by using 
basic hydrological relationships between discharge and transported load (Vink et al., 
1999).  
The water quality reflects not only its origin but also what it encounters along its 
flow path. One of the most challenging works of water management is to identify the 
main anthropogenic pollution sources and to assess their downstream environmental 
impacts (Kroll et al., 2009). In order to evaluate environmental risks of arsenic and 
heavy metals caused by mining drainage, we have to estimate effects and relations 
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among natural background, artificial pollution due to mine waste residue and emissions 
by human activities. Many publications have explored the utility of Geographic 
Information System (GIS) to approximate the regional causes of water pollution 
(Basnyat et al., 1999; Basnyat et al., 2000; Griffith, 2002；Moreno et al., 2006; Kroll et 
al., 2009). 
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1.2. Previous works 
1.2.1. Heavy metal pollution 
Heavy metals are metal elements having a specific gravity of more than 5 g/cm3, 
and there are about 45 kinds of heavy metals in nature. Due to the different toxicity of 
heavy metals, environmental scientists usually focus on mercury(Hg), lead (Pb), 
chromium (Cr), copper (Cu), zinc (Zn), Nickel (Ni), molybdenum (Mo), cobalt (Co), 
and so on (Duruibe et al., 2007; Islam et al., 2015）. 
Heavy metal pollution caused by both human activities and natural enrichment，
results in heavy metal content significantly higher than the background, which may 
cause the degradation of the existing or potential environmental quality, and the 
ecological degradation. While heavy metal content in the environment exceeds its 
self-purification ability, will causes complex changes in composition, structure or 
function of environment. Heavy metals or their derivatives gradually accumulates, 
which may inhibit microbial activity, and endanger human health by human body 
indirectly absorbed through “soil-plant-human body” or “soil-water-human 
body”(Haigh, 1995; Hossner, 1998).  
Arsenic (As) is a widely dispersed element in the Earth's crust and exists at an 
average concentration of approximately 5 mg/kg. There are many possible routes of 
human exposure to arsenic from both natural and anthropogenic sources (Garelick et 
al., 2008).  
Jarup (2003), summarized that Emissions of heavy metals to the environment 
occur through a wide range of processes and pathways, including to the air 
(e.g. during combustion, extraction and processing), to surface waters (through runoff 
and releases from storage and transport) and to the soil (and hence into groundwater 
and crops). 
With the development of industrial production, heavy metal pollution is universal, 
almost threatens every country. Heavy metals in the soil are not easy to spread or 
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dilute as in water body, but easy to accumulate in the soil, and then exceed the 
standards. Once the external environmental condition changes, the accumulated heavy 
metals in soils will release into water body by Leaching. 
 
1.2.2. Heavy metal behaviors in river 
The water pollution affects humans and the natural environment worldwide. 
Thus, Heavy metal contamination in the aquatic environment has widely attracted 
global attention because of the toxicity to environment, the extensive distribution and 
the persistence (Armitage et al., 2007). Large quantities of heavy metals have been 
released into rivers worldwide, with the global rapid population growth and intensive 
human activities, as well as expanding industrial and agricultural production (Islam et 
al., 2014). While natural environment released heavy metal into rivers plays a leading 
actor in the special area that with high speed bio-geo-chemical circulation. Water 
pollution by trace metals is an important factor in both geochemical cycling of metals 
and in environmental health. Johnson et al., (2005) evaluated temporal changes in 
heavy metal content of lower Columbia River sediment following terminated or 
reduced soluble heavy metal loading from the world's largest lead-zinc refinery and 
mining districts in the USA and Canada. 
Heavy metals generally exist in two phases in river waters, one is in the 
dissolved phase in the water column, and the other is in the particulate phase adsorbed 
on the sediments. The behavior of heavy metals in the aquatic environment is strongly 
influenced by adsorption on organic and inorganic particles. The dissolved fraction of 
heavy metals may be transported through the process of advection-dispersion (Wu et 
al., 2005). Figure 1.1 illustrates the dissolved heavy metal transport process in a 
riverine basin. This process is very complicated, since presence and mobility of the 
heavy metal is highly depended on the environmental conditions, e.g. bed and 
suspended sediments (Kashefipour and Roshanfekr, 2012). 
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Fig. 1.1. Schematic illustration of dissolved heavy metal process in riverine waters 
(Kashefipour and Roshanfekr, 2012). 
 
The continuous Long term monitoring has provided a unique opportunity for 
determining their spatial, annual, and inter-annual variability (Chandia and Salamanca, 
2012). Time series analysis of heavy metal concentrations along the Watershed 
Gradient in Cameron Highlands was carried out to determine the accumulation and 
distribution status of heavy metal Cd in Bertam River from September 2014 to 
February 2015 in the agricultural areas of Cameron Highlands, Malaysia (Haron et al., 
2016).  The seasonal variations of the heavy metals in rivers were investigated by 
Papafilippaki et al., (2008) and Sanayei et al., (2009). Long term data series (1996 
through 2009) for trace metals were analyzed from a large number of streams and 
rivers across Sweden varying in tributary watershed size from 0.05 to 48 193 km2 , 
and their temporal and spatial trends were analyzed (Huser et al., 2011). Shresstha et 
al. (2007) interpretated a large complex water quality data set of the Fuji river basin, 
generated during 8 years (1995–2002) monitoring of 12 parameters at 13 different 
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sites (14 976 observations), to evaluate the temporal/spatial variations of surface 
water quality in Fuji river basin. 
 
1.2.3. Heavy metal partitioning and mobility in river sediments 
In river sediments, heavy metals are present in a number of chemical forms, and 
generally exhibit different physical and chemical behaviors in terms of chemical 
interaction, mobility, biological availability and potential toxicity (Akcay et al., 2003; 
Singh et al., 2005; Liu et al., 2008). Total content of heavy metals in river sediments 
as a criterion to assess its potential effect as contaminant explains the background 
level of heavy metal enrichment. An evaluation of total metal levels following a 
strong acid digestion of the sediment may be useful as a global index of 
contamination, but it is impossible to well illustrate their bioavailability, mobility and 
reactivity in sediments (Shrivastava et al., 2004).  
Sequential extractions techniques have been widely used to fractionate heavy 
metals in solid samples (soils, river sediments, sludge, solid waste, etc.) due to their 
leachability, to have an operational classification of heavy metals in different 
geochemical fractions (Chomchoei et al., 2002). The metal speciation into different 
fractions is the most reliable criteria to quantify the potential effect of contamination 
of sediments by heavy metals. The toxicity of heavy metals depends especially on 
their chemical forms rather than their total elemental contents.  
Sequential extraction experiments have been shown to provide a convenient 
means to determine the metals associated with the principal accumulative phases in 
sedimentary deposits (Filgueoras et al., 2002). Fractionation is usually performed by a 
sequence of “selective” chemical extraction techniques, which include the successive 
removal of these phases and their associated metal (Ure and Davidson, 2001). A wide 
range of techniques is available whereby various extraction reagents and experimental 
conditions are used. These techniques involve 5 step extraction (Tessier, 1979), 3 step 
extraction (BCR, Bureau Commune de Reference of the European Commission) and 
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6-step extraction (Petit and Rucandio, 1999), and are thus becoming popular and 
adopted methods used for sequential extraction. Among the fractionation methods 
available, Tessier’s and BCR are some of the most cited. However, the oxidisable step 
of the BCR protocol seemed more effective than employed in Tessier’s method 
(Gleyzes et al., 2002). 
Long et al. (2009) assessed the potential mobility of copper and zinc in 
municipal solid waste samples with different deposit ages from Tianziling landfill site 
by the evaluation of the modified BCR sequential extraction procedure. A modified 
Tessier's procedure has been used to discriminate heavy metal bound to organic 
fraction from those originally present in the mineral sulphide matrix and to detect a 
possible trend of metal mobilisation from red mud to river sediment at an abandoned 
Italian pyrite mine (Pagnanelli et al., 2004). 
Recent review in the literature shows that the attention was also focused on the 
measurements of heavy metals in rivers with or without sediments. For example, Rauf 
et al. (2009), Akan et al. (2010) and Kumar et al. (2011) investigated the effect of 
sediments on the transport of heavy metals. 
 
1.2.4. Sources analysis of heavy metals 
Water pollution sources that affect surface water may be divided into point 
source pollution and non-point source pollution. Point source pollution is the pollution 
source that with fixed emission point, commonly the industrial waste drainage, urban 
sewage or any other type of discharge，gather together and pour into rivers, lakes or 
other water bodies by the fixed discharge outlet. The U.S. Environmental Protection 
Agency (EPA) defines point source pollution as “any single identifiable source of 
pollution from which pollutants are discharged, such as a pipe, ditch, ship or factory 
smokestack” (Hill, 1997). 
Non-point source pollution refers to the relative point source pollution, in which 
dissolved and solid contaminants are transferred from a non-specific location to a 
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receiving water body (including rivers or lakes) through a runoff process under the 
action of precipitation (or snowmelt). Most nonpoint source pollution occurs as a 
result of runoff. When rain or melted snow moves over and through the ground, the 
water absorbs and assimilates any pollutants it comes into contact with (USEPA, 
2004). Such as the applied of chemical fertilizers in agricultural production, could be 
washed into the water body by rain，generating agricultural non-point source pollution. 
While in urban, vehicle emissions of heavy metals, carrying by the surface runoff of 
rainfall or snow melt, flow into rivers through the city drainage system, resulting in 
water pollution. Figure 1.2 shows the Conceptual ilustration of point source and 
non-point source (e.g.: forest non-point source, Urban non-point source, agricultural 
non- point source and et al.) Agricultural non-point source pollution was the first 
major pollution sources into rivers and lakes in American, generated about 40% of 
that water quality below the standard, was the third major pollution source of river 
outlet pollution, and was the main factor for groundwater pollution and wetland 
degeneration (National Water Quality Assessment). 
 
Fig. 1.2.  Conceptual illustration of point source and non-point source 
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Nonpoint source pollution is difficult to control because it comes from many 
different sources and locations，usually dispersed throughout a landscape. It is 
difficult to point out discreet location of nonpoint source pollution like we can with a 
discharge pipe from a factory. 
Affected rapid global environmental change and economic development, 
non-point source pollution has become the challenge factor of water pollution. 
Owning to the characteristics of  Emission dispersive， concealment, random, 
uncertain and difficult to monitor，together with the low pollution load per unit area in 
large area scale，the macro effect of non-point sources is often ignored. ArcGIS 
software has powerful functions of cartography, spatial data management, spatial 
analysis, and spatial information integration and so on. The SWAT model (Soil and 
Water Assessment Tool) based on ArcGIS，as a typical distributed non-point source 
pollution analysis model were widely used in water resources, water environment and 
other related scientific research (Asres and Awulachew, 2010; Sahu and Gu, 2009; 
Tuo et al., 2016). 
It is very essential to identify metal sources before carrying out various pollution 
remediations. Most current studies about source analysis of heavy metals are carried 
out at mid- to large-scales, such as in mining areas, industrial areas, big cities, etc. 
(Gallego et al., 2002; Mico et al., 2006). While on a small scales, GIS was also 
applied together for heavy metals sources identification and spatial variations analysis 
(Facchinelli et al., 2001; Zou et al., 2015). GIS is increasingly used in environmental 
pollution studies because of its ability to identify non-point source contaminants. 
 
1.2.5. Geostatistics for earth and environmental scientist 
Geostatistics can be defined as the branch of statistical sciences that studies 
spatial/temporal phenomena and capitalizes on spatial relationships to model possible 
values of variables at unobserved, unsampled locations (Caers, 2005). The term is 
sometimes used interchangeably with kriging; however, it is defined more broadly as 
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an analysis of spatial problems that involve correlated variables. It offers a way of 
describing the spatial continuity of natural phenomena and provides adaptations of 
classical regression techniques to take advantage of this continuity (Isaaks and 
Srivastava, 1989).  
Geographic Information System is a potent tool for the geochemical mapping of 
trace heavy metals in the various compartment of the environment such as air, water 
and soil, providing the techniques for measuring, modeling, manipulating, retrieval 
and analysis of spatial data (Parveen, 2012). It is a valuable tool for interpreting 
spatial variability and evidencing non-point source contamination. Facchinelli et al. 
(2001) applied Geostatistics to construct regional distribution maps, to be compared 
with the geographical, geologic, and land use regional database using GIS software. 
This approach, evidencing spatial relationships, proved very useful to the 
confirmation and refinement of geochemical interpretations of the statistical output.  
Multivariate analysis focuses on developing models to understand relationships 
among variables. Multivariate statistical combined with GIS has been specifically 
used in soil pollution studies at a regional scale, gave a effective way to identify 
heavy metal sources in soil（Facchinelli et al., 2001; Adamus, 1995; Meinardi et al., 
1995）, with the capability to visualize spatial relationships between environmental 
data and other land features. Singh et al. (2011) integrated multivariate statistical 
analysis with GIS to assess the groundwater quality in Shiwaliks of Punjab, India. 
Multivariate statistical methods and GIS were used to assess the degree of heavy 
metal contamination in the soils of the urban, suburban, and country park areas of 
Hong Kong Island. The present study demonstrated the value of GIS and multivariate 
statistical methods in studying metal contamination in complex urban settings (Lee et 
al., 2006). 
The application of multivariable statistical methods offers a better understanding 
of water quality for interpreting complicated data sets. Multivariate statistical analysis 
and geostatistical analysis were used to conduct a basic analysis of the heavy metal 
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concentrations, the distribution characteristics and the sources of pollution of the 
farmland soils in these suburbs (Zou et al., 2015). 
 
1.2.6. Mine site 
The mining area is a special area with natural high heavy metal enrichment and 
drastic human activities current or before, has been recognized as the major sources of 
soil heavy metal contamination. Natural weathering may cause high heavy metal 
accumulation in run-off to rivers. The mining, milling and metallurgical processes for 
the production of copper, iron and sulphuric acid from sulphide ore deposits generate 
large hills of sulphide-bearing waste rocks (also known as red mud) with significant 
concentrations of heavy metals (Pagnanelli et al., 2004). Mining and ore excavation 
can cause the acidification and heavy metal pollution of downstream water system. 
Natural weathering of sulphides containing heavy metals causes the release to the 
environment of a small fraction of these metals (Dang et al., 2002). Mine tailings in 
old mine site usually host elevated concentrations of toxic heavy metals representing a 
significant hazard to surrounding communities and ecosystems. 
Mining area has been paid special attention to the assessment of heavy metal 
contamination in river water and sediments. Heavy metal pollution at an abandoned 
Italian pyrite mine has been investigated by comparing total concentrations and 
speciation of heavy metals in a red mud sample and a river sediment (Pagnanelli et al., 
2004).  Thorslund et al. (2012) estimated that how the unmonitored gold mining site 
impacts on river heavy metal transport in a sparsely monitored region by mass 
balance closure. Contaminations of surface and ground water bodies have particularly 
been experienced in gold mining communities in Ghana, while some of the impacts 
associated with gold mining including land degradation, destruction of vegetation and 
pollution of aquatic environments (Davis et al., 1994; Manu et al.,2004; Kuma and 
Younger, 2004). Abandoned mine sites constitute the potential threat of the heavy 
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metal pollution spread through surface runoff and streams leading to contamination of 
soil and water in their surrounding areas. 
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1.3. Objectives 
Heavy metal pollutions in river water have been focused on by scholars, 
especially the problems in special area (Mining area) and the effects of emissions 
were also involved.  Heavy metal in sediments is an important environmental 
indicator, relating to both environment quality of water body and geological features. 
Geographic Information System (GIS) is widely used in environmental studies:  
◎Visualize environmental data by GIS-based map  
◎Analyze spatial characteristic of environmental situation 
 From the above，there are existing problems need to do further study that it is 
difficult to find out pollution sources with large scale area and need to care more 
about the internal specifics. An important challenge is to clear out internal details 
water quality in basin, find out local pollution sources, and try to identify the 
anthropogenic pollution sources and to access their downstream impacts.  
Since the environmental and pollution situation in one watershed may be 
influenced by both the natural fundamental information and human actives inside, this 
research gives a new way that integrated water dynamics, GIS, chemical analysis 
together for watershed environmental investigation, to assess the heavy metal 
behaviors in river water and sediments in a large watershed scale (Figure 1.3). 
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Fig. 1.3. Techniques for investigation of environment and pollution in a watershed  
 
The purpose of this study is to clear out the heavy metal behaviors in river water 
and river sediments in the study area. The specific objective research contents include:  
◎ Heavy metal behavior analysis in the Kosaka River, aimimg to access the 
pollution level of river water and their influence factors 
◎ Behaviors analysis on heavy metal and As release from geochemical features, 
aiming to access the heavy metal behaviors in different existing forms (river water/ 
river sediments), to analyze their features and interrelation 
◎  Heavy metal mass flow closure, aiming to access the pollutant load 
contribution of tributaries from individual watershed and/or human drainages.  
Estimating downstream heavy metal pollution based on tributary water qualities and 
anthoropogenic drainages 
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1.4. Structure of this thesis 
This thesis is composed of 6 chanpters. 
Chapter 1 sets out from the background of the research, afterwards the current 
precivious studies, and then the objectives of this study, finllaly comes to the thesis 
structure. 
Chapter 2 gives the general situation of the study area, and displays the basic 
works for the following studies. The study area watershed was divided into 
sub-watershed polygons based on GIS using DEM data. The anthropogenic emissions 
in the study area were investigated and the emission data were disposed. The water 
discharges measurements were involved here. The environmental quality standards 
for surface water were applied for comparison. 
In the chapter 3 is about the heavy metal behaviors in river water and seiments. 
The soluble heavy metal contents in river water would be analyzed. Their seasonal 
and spatial characteristics would also be distincted. An analysis on interrelations 
between heavy in river water will be given. The total heavy metal content of river 
sediments was analyzen by XRF, and different existing form of heavy metals in river 
sediments will be extracted by BCR-sequential extraction method. 
Chapter 4 aims to analyze the sources of heavy metals in river. The correlation 
analysis of soluble heavy metal concentrationans and land use structure would be 
carried out to verify the effects of land use activities to river water quality. Correlation 
analysis between heavy metal contents in river water and each existing form in river 
sediment would be done to indicate the effects of Natural geological features to river 
water quality. Multicariable statistics analysis would be applied to analyze the spatial 
variability and similarity of water sampling sites (Cluster Analysis), and to identify 
the main factors controlling the heavy metal variability in river water and sediments 
(Principa Component Analysis). 
In chapter 5, the environmental load assessment of heavy metal behaviors would 
be carried out. The heavy metal loads for each tributaries and human drainages to 
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mainstream will be clear out. The spatial and seasonal variation would be point out. 
The theoretical consideration for mass balance will be shown before mass closure 
analysis. Downstream water qualities estimation would try out by Mass closure 
method based on the upstreams water quality informations and water discharges, and 
the results would be checked by the actuallt measured value. 
Chapter 6 gives a summary and conclusions of this study. 
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2. GEOMORPHOLOGICAL ANALYSIS 
2.1. Introduction 
Regional topographic Characteristic determines the hydrological features of 
water flow direction, simultaneously determinis the flow direction of soluble heavy 
metals and Asin aquatic environment. Surface hydrological models are used to study 
various natural phenomena related to surface water flow, such as flood water levels 
and flooding, or to delineate areas affected by pollution sources, and to predict 
changes in the landscape of a region as a whole (Liu et al., 2004; Zheng et al. 2011). 
The impact on the shape of the Earth's surface is also very important in many areas 
such as urban and regional planning, agriculture and forestry, traffic and so on (Prima 
and Ryuzo, 2002). The DEM data which can be used to generate catchment basins and 
flow networks in ArcGIS is the main input data for most surface hydrological models 
(Claessens et al., 2005). 
In this study, sub-watershed boundaries and river network in the Kosaka area 
were generated by the application of DEM data in ArcGIS. The hydrological 
characteristics were investigated in the study area. 
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2.2. Study area 
The Hokuroku basin locates in Northeast Japan (Figure 2.1), situated between lat: 
44°32′-44°48′ N and long: 47°07′-48°46′ E. It is a volcano-sedimentary basin that 
developed within the rift graben and is designated as the most important Koroku ore 
field in Japan (Sato et al., 1974). Koroku deposits of 1-10 million tons of ore reserves 
are found in this basin (Figure 2.2), such as Kosaka, Fukazawa, Shakanai, and 
Matsumine, Ezuri, Fukasawa, Nurukawa, Furutobe and Ainai deposits (Tesuro and 
Marumo, 1991; Kitazono and Ueno,2003). The total amount of the ore in this district 
is estimated to be approximately 140 million tons, the average ore grade being 1.6 
percent copper (Cu), 3.0 percent znic (Zn), and 0.8 percent lead (Pb) (Tanimura et al., 
1983). 
The Hokuroku region in Akita Prefecture that is known for its rich Kuroko 
deposits, which are among Japan's best with regard to grade and tonnage, is one of the 
most famous and important mining districts for Zn-Pb-Cu-Au-Ag massive sulphide 
deposits that formed on the seafloor.  
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Fig.2.1. Location of the Hokuroku basin and the distribution of Kuroku deposits 
(Tesuro and Marumo, 1991). 
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Fig.2.2. Distribution of Korokku deposits in the Hokuroku basin (Kitazono and 
Ueno,2001).  
A: Shakanai B:Doyashiki C:Mastuki D: Matsumine E: Ezuri F: Fukazawa 
G:Fututobe H:Ainai I: Kosaka J: Nurukawa K:Hanawa  
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The Hokuroku basin is one of the most popular mining areas in Japan. The mine 
has been operated since 1916 to 1972. The productions from the mine were 25,500 
tons of Cu, 76,400 tons of Pb and 312,500 tons of Zn (Kitazono and Ueno, 2001).  
The Kosaka River basin considered in this study locates in the Hokuroku 
Districtis, with an area of about 178.5 km2. The Furutobe deposit, Ainai deposit and 
Kosaka deposit locates inside this watershed area (Figure 2.2). There are hundred’s 
years’ of mining history here, but all the mine were closed now. 
Kosaka River is the mainstream river in this watershed. The length of Kosaka 
River is about 20 km. Six monitoring points (P1-P6) were set from upstream to 
downstream at confluences along the Kosaka mainstream (Figure 2.3). There were 
many mines on the north-shore of the Kosaka River, and more than 10 of them were 
abandoned mines in which silver, lead, zinc, copper and other minerals had been 
produced before. At present, the mine wastewater management is still continuing in 
the Furutobe mine and Ainai mine. The mine wastewater has been properly treated 
before joining into the Kosaka River between monitoring point P1 and P2, and the 
wastewater drainage mixed into the Kosaka River here. Moreover, the Kosaka 
refinery still operates as metal recycling factory. The wastewater drainage from the 
Kosaka refinery is being poured into Kosaka River between monitoring point P4 and 
P5.  
For monitoring point P1, located in the upper reaches of the Kosaka River, the 
watershed of which is fully covered by forestry, it has the least impact of mines or 
other human activities. There are households and paddy fields along downstream from 
P3. The heavy metals in the mainstream are derived from both the anthropogenic 
origin and natural origin. It is possible to capture the effects of the geological features 
or the abandoned mines for each tributary watershed by the investigation carried out 
in this kind of area. 
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The climate of the area is Sub-frigid humid climate and has four distinct seasons. 
Subject to heavy monsoons and little sunshine which results in heavy snowfall during 
the winter. The coldest month is January with temperatures averaging -3°C, whereas 
warmest month is August with the temperatures averaging 22 °C. The highest and 
lowest precipitation appears in July and February respectively. Later April and early 
May is the snow-melting period and the discharges increase significantly in the rivers. 
 Fig. 2.3. Scope of study area and monitoring points along the Kosaka River 
 
2.3. GIS based watershed division by DEM 
With the fast-developing of computer technology, the digital elevation model 
(DEM) is becoming an efficient tool for a wide number of hydrological applications, 
including water fluxes simulation in geochemistry, environmental sciences, 
meteorology, and climate(Wang, 2004; Giovanni,2002 ).  
 33 
2.3.1. DEM preprocessing 
DEM is considered to be a relatively smooth simulation of the terrain surface, 
but the presence of error and some real special terrain (karstic feature ) will generate 
the depressions in DEM surface. This depression will cause the unreasonable or 
erroneous water flow while implementing the water flow simulation. Therefore, prior 
to water flow simulation, the DEM preprocessing of Fill Sinks should be carried out. 
The fill threshold value can be obtained by pit extraction, pit depth calculation. The 
fill Sinks can be implemented by the Hydrology toll“Fill”after pit extraction, pit depth 
calculation in ArcGIS. In order to adequately fill the depressions, this process is 
usually repeated several times, since new depression may be generated in this process. 
In this study, the 10-meter resolution DEM of the study area was used. Supported 
by ArcGIS 10 (Esri), the fill Sinks process was applied to the DEM data. Figure 2.4 
shows the DEM data after Fill Sink. 
Fig. 2.4. DEM without depression after Fill Sinks 
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2.3.2. Determination of flow direction 
The direction of water flow is the direction of the water leaving each grid cell. 
The surface runoff always flows from the top of the terrain to the lower part of the 
terrain, and finally pours out through the basin outlet. In order to delineate basin 
boundaries accurately, it is necessary to determine the flow direction of the water flow 
within each grid cell first. In ArcGIS, the direction of the water flow can be 
determined by one of the eight neighborhood grids of the central grid. 
In ArcGIS, the water flow directions can be calculated by the Flow Direction tool 
(ArcToolbox---Spatial Analysis Tools---Hydrology--- Flow Direction). Figure 2.5 
shows the water flow direction generated based on the preprocessed the DEM data. 
 
Fig. 2.5. Water flow direction  
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2.3.3. Flow Accumulation calculation 
In the surface runoff modeling process, the accumulated flow is calculated based 
on the flow direction data. The Fill Accumulation tool is used to determine the total 
number of upstream cells flowing into this cell to generate a watershed capacity raster 
map. The flow direction matrix is scanned sequentially from each grid cell and traced 
along the water flow direction up to the DEM boundary. When the entire flow 
direction of the matrix scan is completed, the river basin capacity of the grid 
distribution map is obtained. The value of each cell on the confluence grid represents 
the total number of upstream grid cells (NIPs) flowing into this cell. The larger the 
NIP value indicates river valley. While the zero NIP value indicates the higher ground, 
might be the water-shed of the watershed. Flow Accumulation calculation can be 
implemented by the tool“Flow Accumulation” after Flow Direction process in ArcGIS 
(ArcToolbox---Spatial Analysis Tools---Hydrology--- Flow Accumulation). Figure 2.6 
shows the flow accumulation information of the study area.  
 
Fig. 2.6. Flow accumulation in the study area 
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2.3.4. The extraction of river network and generation of watershed 
When the confluence amount reaches a certain value, surface water flow will 
generate. Then, all those cells whose confluence amount is larger than the critical 
value are the potential water flow paths, and the network of these water flow paths is 
the river network. In ArcGIS, the tool of Multi Output Map is applied to generate 
river networks (ArcToolbox---Spatial Analysis Tools---Map Algebra --- Multi Output 
Map). The obtained grid river network data can be vectorized by “Stream to Feature” 
tool, to get the vector river network data which can be edited to fit actually existing 
river network in the study area. 
During the river network extraction, the river network with different scales can 
be obtained by setting different thresholds. Then, the tool “Watershed” would be 
employed to generate catchment areas, and will obtain sub-watershed corresponding 
to different refinement degree. Sub-watershed basin boundaries were generated and 
then topology check and modifications were carried out to make sure there is no 
topology error in watershed polygon layer (Figure 2.7). The artificial refining to the 
generated stream network and sub-watershed polygons (Lei et al., 2009), was done to 
make it fit well with the real present rivers and the current field situation.  
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Fig. 2.7. Sub-watershed division result of the study area 
 
2.3.5. Divided Sub-watershed polygons 
The whole study area (Kosaka river basin) was divided to 26 sub-watershed 
polygons, 19 of which are tributary polygons, and the others are mainstream polygons 
(Figure 2.8). The sub-watershed polygons were named beginning with the numbers 
matching the monitoring point corresponded. Like that, there are two tributary 
polygons locates at the upstream of monitoring point P1, and these two polygons were 
named as 101 and 102. Table 2.1 gives the specific information of all the 
sub-watershed polygons in the study area，inclouding each polygn area and the rice 
field area. 
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Fig. 2.7. Sub-watershed polygons of the study area 
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Table 2.1 Polygon information 
Section Polygon name Attribution Polygon area (km2) Rice field area (ha) 
--P1 
101  tributary 2.34  0.00  
102  tributary 1.64  0.00  
P1    
P1--P2 
201  tributary 2.23  0.00  
202 mainstream 0.43  0.00  
203  tributary 1.18  0.00  
204  mainstream 4.70  20.52  
205  tributary 8.91  9.22  
206  mainstream 0.55  24.00  
P2    
P2--P3 
301  tributary 9.67  19.43  
302  tributary 27.76  97.00  
303  tributary 7.01  22.62  
304  tributary 22.03  43.54  
305  mainstream 3.16  56.09  
P3    
P3--P4 
401  tributary 4.76  10.33  
402  mainstream 1.85  0.00  
P4    
P4---P5 
501  tributary 5.62  0.00  
502  mainstream 4.71  0.00  
503  tributary 2.94  0.00  
504  tributary 22.59  37.57  
505 tributary 2.28  0.00  
506 tributary 4.20  1.10  
P5    
P5--P6 
603  tributary 3.67  10.00  
601+602 tributary 29.55  152.45  
604  mainstream 4.46  0.00  
P6    
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While tributary polygons merge into large, a larger scale watershed polygon will 
be obtained. As Figure 2.8 shows, the tributary watershed polygons labeled 101 and 
102 merging together are the area for the water gathering of P1. Thus, the tributary 
watershed polygons named by the labels beginning with the number 2, together with 
the watershed area of P1, compose the river basin of P2, and so on for the other 
downstream monitoring points.  
 
Fig. 2.8. Sketch map for merging of polygon 
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2.4. Land use / land cover investigation 
Land use information was derived from the digital map for current status of 
land-use in ArcGIS. The land use/land cover information was investigated, and the 
statistic analysis was done by ArcGIS. This is the land use map in the study area. The 
land use type in the study area includes forest, paddy field, other agriculture land, 
barren land, construction land, land for transport, water body, and others. Figure 2.9 
shows the current land use map in the study area. 
The areas of different land use type in each sub-watershed polygon were 
tabulated in Table 2.2. The main characteristic of land use structure in Kosaka area 
turns to be that the forest decrease while other land use type increases from the 
upstream to downstream. The forest coverage is relatively high in the study area, 
more that 77% in the whole study area. The most upstream area was 100% covered 
with forest. The land use structure in the study area indicates the relatively low land 
use intensity.  
 42 
 
Fig.2.9. Land use information in the study area. 
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Table 2.2 Land use structure in sub-watershed polygons and in watershed corresponding to monitoring points (km2) 
ID Forest Paddy field Barren land Other agriculture land, Construction land Water body Others Land for transport 
101 2.344 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
102 1.641 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P1 3.985 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
201 2.230 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
202 0.426 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
203 1.172 0.000 0.000 0.000 0.000 0.006 0.000 0.000 
204 4.110 0.220 0.003 0.151 0.011 0.051 0.000 0.154 
205 7.478 0.126 0.452 0.855 0.000 0.000 0.000 0.000 
206 0.183 0.283 0.057 0.000 0.000 0.029 0.003 0.000 
P2 19.583 0.629 0.512 1.006 0.011 0.086 0.003 0.154 
301 9.261 0.091 0.071 0.006 0.000 0.177 0.003 0.057 
302 24.937 0.880 1.135 0.260 0.129 0.423 0.000 0.000 
303 5.654 0.240 0.437 0.597 0.063 0.014 0.000 0.000 
304 20.278 0.509 0.792 0.257 0.046 0.149 0.000 0.000 
305 1.223 0.440 0.969 0.006 0.146 0.163 0.023 0.186 
P3 80.937 2.790 3.916 2.132 0.394 1.012 0.029 0.397 
401 2.112 0.109 2.255 0.037 0.086 0.040 0.000 0.120 
402 0.303 0.203 0.732 0.011 0.346 0.217 0.017 0.023 
P4 83.352 3.101 6.903 2.181 0.826 1.269 0.046 0.540 
501 2.535 0.000 2.350 0.000 0.189 0.457 0.091 0.000 
502 1.429 1.481 0.223 0.017 0.895 0.426 0.100 0.140 
503 1.006 0.014 1.329 0.026 0.326 0.011 0.077 0.154 
504 19.617 0.695 1.432 0.426 0.237 0.037 0.126 0.020 
505 1.141 0.066 0.352 0.412 0.120 0.003 0.023 0.166 
506 3.807 0.023 0.077 0.212 0.071 0.009 0.003 0.000 
P5 112.889 5.380 12.666 3.273 2.664 2.212 0.466 1.020 
601 5.977 0.783 1.366 2.441 0.272 0.000 0.017 0.000 
602 12.760 0.686 0.272 0.303 0.103 0.063 0.200 0.000 
603 3.404 0.083 0.163 0.003 0.011 0.009 0.000 0.000 
604 1.629 1.469 0.000 0.515 0.349 0.306 0.051 0.140 
612 1.724 0.512 0.160 1.309 0.372 0.077 0.049 0.106 
P6 138.383 8.913 14.627 7.844 3.770 2.667 0.783 1.266 
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2.5. Anthropogenic emissions to Kosaka River 
The dominant anthropogenic emissions in the study area include the waste water 
discharges from the Furotobe Mine and Ainai Mine, and the drainage from Kosaka 
refinery. Considering the human-derived heavy metals, the relevant data were acquired 
by querying the municipality publishment and gathering information from autonomous 
bodies. The monthly data of the Furutobe mine and Ainai mine from the April in 2007 
to March in 2009, about the heavy metal concentration in mine waste water and the 
water discharge quantity after treatment were obtained from Kosaka municipality. The 
year average heavy metal emission data was obtained from the PRTR (Pollutant Release 
and Transfer Register) of the Kosaka refinery in 2006, 2007, and 2008. The amount of 
water discharged from the Kosaka refinery to the Kosaka River is about 11,000,000 m3/ 
year. The unit time water discharges and their heavy metal concentrations of the human 
drainages were calculated based on the original data obtained, the results are shown in 
Table 2.3. 
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Table 2.3. Polygon information 
Anthropogenic 
emission facilities 
Drainage 
quantity 
(m3/min) 
Zn 
concentration 
of drainage 
(μg/kg) 
As 
concentration of 
drainage (μg/kg) 
Cd 
concentrati
on of drainage 
(μg/kg) 
Pb 
concentrati
on of drainage 
(μg/kg) 
Cu 
concentration of 
drainage (μg/kg) 
Al 
concentration of 
drainage(μg/kg) 
Furutobe mine 0.23 91.741 1.144 0.176 0.383 8.603 0.000 
Ainai mine 2.51 55.742 0.800 0.275 0.181 2.613 95.541 
Kosaka 
refinery 
21.00 253.678 2.537 4.168 2.356 48.02 72.148 
The data of Furutobe mine and Ainai mine was calculated based on the monthly data from the April in 2007 to March in 2009. The data of Kosaka refinery was calculated based 
on the year average data in 2006, 2007, and 2008. 
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2.6. Water discharge 
2.6.1. Water discharges along the mainstream 
The water discharges indicate the hydrological behaviors in the study area. In 
this study, the water discharges at the monitoring points along the Kosaka mainstream 
were actually measured by multiplying river cross-sectional area and the average 
water flow velocity at the cross section. The measurements were carried out in high 
water season (May 2013), in low water season (Oct 2013) and in rainy day (Nov 
2012). The water discharge at monitoring points depends on both the natural 
precipitation and the anthropogenic influence. In order to display the natural 
precipitation part of the water discharges at the monitoring points, the human water 
intakes and drainages in upstream area should be deducted, obtaining the revised 
water discharges. 
Figure 2.10 isllustrated the watet discharge conferece of triburatries and human 
discharges. The Natrual precipitation part of water discharger at a monitoring point 
can be calculated as the following formula: 
Dis(d) = Dis(u) + [(Dis(d) − Dis(u)) − Dish] 
where, Dis(d) is the water discharge at the downstream monitoring point; Dis(u) 
is the water discharge at the downstream monitoring point; and Dish is the sum of 
human discharges between the two monitoring points. (Dis(d) − Dis(u))  is the 
actually measured water discharge increase between the two monitoring points. 
Therefore, Dis(d) stands for revised water discharge, corresponding to the natural 
precipitation part. 
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Fig. 2.10. Schematic picture about tributaries conflux 
 
Figure 2.11 (a) shows the water discharges at the monitoring points in the three 
time periods. The solid lines were the actually measured values and the dotted lines 
stand for the revised values which mean the natural precipitation part. The water 
discharges in high water seasons were relatively large. The water discharges at 
monitoring point P6 in high water season was roughly five times the amount for that 
in the low water season. While in rainy day, the water discharges was even larger. The 
water discharge at monitoring point P6 in rainy day was about eight times the amount 
for that in the low water season. The revised water discharges were mostly higher than 
the actually measured ones. The difference was regarded as the result of human 
activities.  
Figure 2.11 (b) were plotted by the water discharges at the monitoring points 
corresponding to their watershed area，revealing relationship between the water 
discharge and the watershed area both before and after the revision of human effects. 
Since the water discharges caused by natural precipitation would be linearly 
correlated to the corresponding watershed area in general. In Figure 2.10, the dotted 
lines are more close to straight. To some extent, this reveals that the revised water 
discharges were more natural, examined the advisability of the water discharge 
measurement in this study. 
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Fig.2.11 (a). Water discharges at monitoring points along Kosaka River 
 
 
Fig.2.11 (b). Water discharges at monitoring points along Kosaka River 
0
200
400
600
800
1000
1200
1400
1600
1800
P1 P2 P3 P4 P5 P6
W
at
er
 d
is
ch
ar
g
e 
(m
3
)
Monitoring poins
Revised warer discharge in high water season（May 2013)
Observed water discharge in high water season（May 2013)
Revised water discharge in low water season（Oct 2013)
Observed water discharge in low water season（Oct 2013)
Revised water discharge in rainy day (Nov 2012)
Observed water discharge in rainy day (Nov 2012)
0
200
400
600
800
1000
1200
1400
1600
1800
0 50 100 150 200
W
at
er
 d
is
ch
ar
g
e 
(m
3
)
Watershed area km2
Revised warer discharge in high water season（May 2013)
Observed water discharge in high water season（May 2013)
Revised water discharge in low water season（Oct 2013)
Observed water discharge in low water season（Oct 2013)
Revised water discharge in rainy day (Nov 2012)
Observed water discharge in rainy day (Nov 2012)
 49 
2.6.2. Tributary water discharges  
Water discharge measurement of all the tributaries is a very large quantity of 
work. With the addition of the inconvenience field operation in the study area, the 
field measurements of tributary water discharge have not been carry out. Furthermore, 
the tributaries locate in individual sub-watershed polygons, mostly derived from 
natural precipitation and have no much anthropogenic influence. Only from the 
consideration of natural gaining water, the water discharge of the rivers is considered 
to be directly proportional to the river basin area.  
Thus, the water discharge of each tributary polygon was calculated by the weighted 
averaging of interzone water increase between two monitoring points in this study. It 
is necessary to deduct the part that caused by human activity from the actually 
measured water flow rate between every two monitoring points, so as to acquire an 
accurate estimate of the relationship between the watershed area and the precipitation. 
Therefore the calculations employed the revised water discharge data at the 
monitoring points，were carried out according to formula: 
)(
CBA
ARQ   
where Q is the water discharge of Polygon A (Tributary a0);R is the actually 
measured interzone water discharge increasement (Natural precipitation part) between 
monitoring point E and F; A, B and C are the areas of tributary polygons respectively 
(Figure 2.10).  
Water discharges from each tributary polygon were calculated based on the 
actually measured water discharges at the monitoring points in the three time periods, 
low water season, high water season and rainy day. The results were shown in Table 
2.4, Table 2.5 and Table 2.6. These water discharge date of tributary polygons will be 
employed in the mass balance analysis of heavy metal flows in the latter part of this 
study. 
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Table 2.4. Water dischargers of each tributary in low water season 
Polygon name Attribution 
Polygon 
area（km2） 
Anthropog
enic water 
flows 
(m3/min) 
Actually 
Measured 
water 
discharge 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
101 tributary 2.34 
  
3.65 
102 tributary 1.64 
  
2.56 
P1   3.98 
 
6.21 
 
201 tributary 2.23 
  
2.78 
202 mainstream 0.43 
  
0.54 
203 tributary 1.18 
  
1.47 
Furutobe mine 
  
0.23 
  
204 mainstream 4.70 
  
5.86 
205 tributary 8.91 
  
11.10 
Intake to kosaka refinery 
  
-4.00 
  
206 mainstream 0.55 
  
0.69 
P2   21.98 
 
24.87 
 
301 tributary 9.67 
  
18.10 
302 tributary 27.76 
  
51.96 
303 tributary 7.01 
  
13.12 
304 tributary 22.03 
  
41.24 
305 mainstream 3.16 
  
5.92 
P3   91.46 
 
154.93 
 
Intake to irrigation channel 
  
-53.50 
  
401 tributary 4.76 
  
9.44 
402 mainstream 1.85 
  
3.67 
P4   98.22 
 
114.83 
 
Kosaka refinery 
  
21.00 
  
501 tributary 5.62 
  
9.15 
Drain from setaishi 
  
29.07 
  
502 mainstream 4.71 
  
7.67 
503 tributary 2.94 
  
4.78 
504 tributary 22.59 
  
36.76 
505 tributary 2.28 
  
3.71 
506 tributary 4.20 
  
6.84 
P5   140.57 
 
233.82 
 
603 tributary 3.67 
  
1.37 
601+602 tributary 29.55 
  
11.03 
604 mainstream 4.46 
  
1.67 
P6   178.25 
 
247.89 
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Table 2.5. Water dischargers of each tributary in high water season 
Polygon name Attribution 
Polygon 
area (km2) 
Anthropog
enic water 
flows 
(m3/min) 
Actually 
Measured 
water 
discharge 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
      101 tributary 2.34 
  
18.04 
102 tributary 1.64 
  
12.64 
P1   3.98 
 
30.68 
 
201 tributary 2.23 
  
11.68 
202 mainstream 0.43 
  
2.25 
203 tributary 1.18 
  
6.18 
Furutobe mine 
  
0.23 
  
204 mainstream 4.70 
  
24.62 
205 tributary 8.91 
  
46.67 
Intake to kosaka refinery 
  
-4.00 
  
206 mainstream 0.55 
  
2.88 
P2   21.98 
 
121.20 
 
301 tributary 9.67 
  
62.37 
302 tributary 27.76 
  
179.04 
303 tributary 7.01 
  
45.21 
304 tributary 22.03 
  
142.09 
305 mainstream 3.16 
  
20.38 
P3   91.46 
 
569.32 
 
Intake to irrigation channel 
  
-53.50 
  
401 tributary 4.76 
  
32.87 
402 mainstream 1.85 
  
12.77 
P4   98.22 
 
562.50 
 
Kosaka refinery 
  
21.00 
  
501 tributary 5.62 
  
35.99 
Drain from setaishi 
  
29.07 
  
502 mainstream 4.71 
  
30.16 
503 tributary 2.94 
  
18.83 
504 tributary 22.59 
  
144.65 
505 tributary 2.28 
  
14.60 
506 tributary 4.20 
  
26.89 
P5   140.57 
 
883.75 
 
603 tributary 3.67 
  
13.57 
601+602 tributary 29.55 
  
109.26 
604 mainstream 4.46 
  
16.49 
P6   178.25 
 
1023.07 
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Table 2.6. Water dischargers of each tributary in rainy day 
Polygon name Attribution 
Polygon 
area(km2) 
Anthropog
enic water 
flows 
(m3/min) 
Actually 
Measured 
water 
discharge 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
101 tributary 2.34 
  
28.54 
102 tributary 1.64 
  
20.00 
P1   3.98 
 
48.54 
 
201 tributary 2.23 
  
18.24 
202 mainstream 0.43 
  
3.52 
203 tributary 1.18 
  
9.65 
Furutobe mine 
  
0.23 
  
204 mainstream 4.70 
  
38.44 
205 tributary 8.91 
  
72.88 
Intake to kosaka refinery 
  
-4.00 
  
206 mainstream 0.55 
  
4.50 
P2   21.98 
 
192.00 
 
301 tributary 9.67 
  
69.45 
302 tributary 27.76 
  
199.36 
303 tributary 7.01 
  
50.34 
304 tributary 22.03 
  
158.21 
305 mainstream 3.16 
  
22.69 
P3   91.46 
 
690.98 
 
Intake to irrigation channel 
  
-53.50 
  
401 tributary 4.76 
  
36.12 
402 mainstream 1.85 
  
14.04 
P4   98.22 
 
688.79 
 
Kosaka refinery 
  
21.00 
  
501 tributary 5.62 
  
61.88 
Drain from setaishi 
  
29.07 
  
502 mainstream 4.71 
  
51.86 
503 tributary 2.94 
  
32.37 
504 tributary 22.59 
  
248.73 
505 tributary 2.28 
  
25.10 
506 tributary 4.20 
  
46.25 
P5   140.57 
 
1205.16 
 
603 tributary 3.67 
  
36.56 
601+602 tributary 29.55 
  
294.38 
604 mainstream 4.46 
  
44.43 
P6   178.25 
 
1580.54 
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2.7. Environmental quality standards for surface water 
In Japan, basic law for environmental pollution control was established in 1967， 
and then be Replaced by the basic environment law in 1993. The establishment of 
environmental quality standards (EQS)，which is applied to surface waters, is an act 
related to both for the protection of human health (Health Item) and for the 
conservation of the living environment (Living Environment Item). Both of the 
standards establish levels desirable for maintaining and improving public water and 
other water quality policy objectives.  Fig.2.12 shows the current water environment 
quality standard system, water pollution including toxic substance, organic pollution 
etc and Nutrient salts， which has effects to human health and aquatic livings directly 
or in directly. 
 
 
Figure 2.12. Water environment quality standard (EQS) in Japan (Kitamura, 2012) 
 
 54 
The Water Environment Quality Standards for Health Item ordains standard 
values of 27 substances designated, involves heavy metals (cadmium（Cd）,lead (Pb) ，  
Hexavalent chromium (Cr VI)) and Arsenic (As). Living Environment Item refers to 
the living environment and ecological environment monitoring project which closely 
related to human life. Table 2.7 describes the Standard of Environment Quality for 
human health. Additional environmental quality standards were established in 2003 of 
Total Zinc (Zn) to protect the aquatic organism (Table 2.8).  
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Table 2.7. Environmental quality standards of human item, Japan 
Item Standard values 
Cadmium ≤0.01 mg/L 
Total cyanide  Not detectable 
Lead ≤0.01mg/L 
Hexavalent chromium ≤0.05mg/L 
Arsenic ≤0.01mg/L 
Total mercury ≤0.0005mg/L 
Alkyl meecury Not detectable 
PCBs ≤0.02mg/L 
Dichloromethane ≤0.02mg/L 
Carbon tetrachloride ≤0.002mg/L 
1,2-Dichloroethane ≤0.004mg/L 
1,1-Dichloroethylene ≤0.02mg/L 
Cis1.2-Dichloroethylene ≤0.04mg/L 
1,1,1-Trichloroethane ≤1mg/L 
1,1,2-Trichloroethane ≤0.006mg/L 
Trichloroethylene ≤0.03mg/L 
Tetrachloroethylene ≤0.01mg/L 
1,3-Dichloropropene ≤0.002mg/L 
Thiram ≤0.006mg/L 
Simazine ≤0.003mg/L 
Thiobencarb ≤0.02mg/L 
Benzene ≤0.01mg/L 
Selenium ≤0.01mg/L 
Nitrate nitrogen and nitrite nitrogen ≤10mg/L 
Fluoride ≤0.8mg/L 
Boron ≤1mg/L 
 
Table 2.8 Total Zinc (environmental quality standards of living environment item), Japan 
Item Standard values 
Total Znic ≤0.03mg/L 
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In comparison, Table 2.9（a-c） gives the surface water quality standards for 
heavy metals and Arsenic in different country and regions, including United Kingdom 
(UK), European Union (EU),and China. 
Table 2.9. (a): Proposed standards for 29 specific pollutants, UK 
Substances 
Concentration  ug/l 
 Fresh water Salt water 
Long‐term 
(Mean) 
Short-term 
 (95 percentile) 
Long‐term  
(Mean) 
Short- term  
(95 percentile) 
Unionised ammonia --- -- 21 -- 
Arsenic 50 --- 25 -- 
Benzyl butyl phthalate 7.5 51 0.75 10 
Carbendazim 0.15 0.7 --- --- 
Chlorothalonil 0.035 1.2 --- --- 
Chromium(III) 4.7 32 --- --- 
Chromium(VI) 3.4 --- 0.6 32 
Chlorine 2 5 --- 10 
Copper   1µg/l bioavailable   3.76 µg/l dissolved, 
where 
DOC ≤1mg/l  3.76+ 
(2.677 x ((DOC/2) – 
0.5)) µg/l dissolved, 
where DOC >1mg/l 
 
Cyanide 1 5 1 5 
Cypermethrin1 0.1 0.4 0.1 0.4 
Diazinon 0.01 0.02 0.01 0.26 
2,4- dichlorophenol 4.2 140 0.42 6 
2,4-dichlorophenoxyacetic acid 
(2,4-D) 
0.3 1.3 0.3 1.3 
3,4- dichloroaniline 0.2 5.4 0.2 5.4 
Dimethoate 0.48 4.0 0.48 4.0 
Glyphosate 196 398 196 398 
Iron 1 --- 1 --- 
Linuron 0.5 0.9 0.5 0.9 
Manganese 123µg/l bioavailable --- --- --- 
Mecoprop 18 187 18 187 
Methiocarb 0.01 0.77 --- --- 
Pendimethalin 0.3 0.58 --- --- 
Permethrin 0.001 0.01 0.0002 0.001 
Phenol 7.7 46 7.7 46 
Tetrachloroethane 140 1848 --- --- 
Triclosan 0.1 0.28 0.1 0.28 
Toluene   74 380 74 370 
Zinc 10.9 bioavailable plus 
Ambient Background 
Concentration (µg/l) 
dissolved 
 6.8 dissolved plus 
Ambient Background 
Concentration (µg/l) 
 
1 Note that cypermethrin becomes a Priority Substance under 2013/39/EU but there will be a transitional period 
before the PS standards apply 
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Table 2.9 (b): Environmental quality standards for specific pollutants, EU 
Substance 
Concentration  ug/l 
AA-EQS (1) 
Inland surface 
waters 
AA-EQS 
Other 
surface waters 
MAC-EQS(2) 
Inland surface 
waters 
MAC-EQS 
Other surface 
waters 
     Arsenic 25 20 - - 
Chromium III 4.7 - 32 - 
Chromium VI 3.4 0.6 - 32 
Copper (3) 5 or 30 5 - - 
Cyanide 10 10 - - 
Diazinon 0.01 0.01 0.02 0.26 
Dimethoate 0.8 0.8 4 4 
Fluoride 500 1,500 - - 
Glyphosate 60 - - - 
Linuron 0.7 0.7 0.7 0.7 
Mancozeb 2 2 7.3 7.3 
Monochlorobenzene 1.5 25 - - 
Phenol 8 8 46 46 
Toluene 10 10 - - 
Xylenes 10 10 - - 
Zinc (4) 8 or 50 or 100 40 - - 
 
Cadmium and its compounds 
(depending on water hardness 
classes) (5) 
≤ 0.08 (Class 1) 
≤ 0.08 (Class 2) 
≤ 0.09 (Class 3) 
≤ 0.15 (Class 4 
≤ 0.25 (Class 5) 
0.2 ≤ 0.45 (Class 1) 
0.45 (Class 2) 
0.6 (Class 3) 
0.9 (Class 4) 
1.5 (Class 5) 
≤ 0.45 (Class 1) 
≤ 0.45 (Class 2) 
≤ 0.6 (Class 3) 
≤ 0.9 (Class 4) 
≤ 1.5 (Class 5) 
Lead and its compounds 7.2 7.2 not applicable not applicable 
(1) AA: annual average. AA-EQS means that for each representative monitoring point within the waterbody, 
the arithmetic mean of the concentrations measured over a twelve month monitoring period does not exceed 
the standard. 
(2) MAC: maximum allowable concentration. MAC-EQS means that for each representative monitoring point 
within the waterbody no measured concentration exceeds the standard. 
(3) In the case of Copper the value 5 applies where the water hardness measured in mg/l CaCO3 is less than or 
equal to 100; the value 30 applies where the water hardness exceeds 100 mg/l CaCO3. 
(4) In the case of Zinc, the standard shall be 8 μg/l for water hardness with annual average values less than or 
equal to 10 mg/l CaCO3, 50 μg/l for water hardness greater than 10 mg/l CaCO3 and less than or equal to 100 
mg/l CaCO3 and 100 μg/l elsewhere. 
(5) For cadmium and its compounds (No 6) the EQS values vary depending on the hardness of the water as 
specified in five class categories (Class 1: < 40 mg CaCO3/l, Class 2: 40 to < 50 mg CaCO3/l, Class 3: 50 to 
< 100 mg CaCO3/l, Class 4: 100 to < 200 mg CaCO3/l and Class 5: ≥ 200 mg CaCO3/l). 
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Table 2.9 (c): Standard limits of basic items for surface water quality standards, China 
Item Concentration  mg/L 
Ⅰ(1) Ⅱ(2) Ⅲ(3) Ⅳ(4) Ⅴ(5) 
Water temperature 
℃ 
The water temperature variations caused by human activities should be 
controlled within: The maximum average weekly temperature rise in 
summer 1; The maximum average weekly temperature drop 2. 
PH 6~9 
Sulfate* (by SO4-2)                ≤  250 250 250 250 250 
Chloride*(by Cl-)                 ≤  250 250 250 250 250 
Soluble Fe*                     ≤  0.3 0.3 0.5 0.5 1.0 
Total Manganese* (Mn)≤  0.1 0.1 0.1 0.5 1.0 
Total Copper*               ≤  0.01 1.0(fishery 0.01) 1.0 (fishery 0.01) 1.0 1.0 
Total Zine*                ≤  0.05 1.0(fisherty 0.1) 1.0 (fishery 0.1) 2.0 2.0 
Nitrate(by N)                    ≤  10 10 20 20 25 
Nitrite(by N)                     ≤  0.06 0.1 0.15 1.0 1.0 
Non-ionic Nitrogen                ≤  0.02 0.02 0.02 0.2 0.2 
Kjeldahl Nitrogen                 ≤  0.5 0.5 1 2 2 
Total Phosphorus(by P)            ≤  0.02 0.1(lakes,reservori
rs 0.025) 
0.1(lakes,reservori
rs 0.05) 
0.2 0.2 
Permanganate Index               ≤  2 4 6 8 10 
Soluble Oxygen                   ≥ 
Perceentage 
of 
saturation90% 
(or 7.5) 
6 5 3 2 
Chemical Oxygen Demand(CODCr)   ≤  15 15 15 20 25 
Biochemical Oxygen Demand(BOD5) ≤  3 3 4 6 10 
Flouride(F-)                      ≤  1.0 1.0 1.0 1.5 1.5 
Selenium(four)                   ≤  0.01 0.01 0.01 0.02 0.02 
Total Arsenic                     ≤  0.05 0.05 0.05 0.1 0.1 
Total Mercury**                 ≤  0.00005 0.00005 0.0001 0.00
1 
0.00
1 
Total Cadmiun***           ≤  0.001 0.005 0.005 0.00
5 
0.01 
Total Chromiun(six)               ≤  0.01 0.05 0.05 0.05 0.1 
Total Lead**               ≤  0.01 0.05 0.05 0.05 0.1 
Total Cyanide                    ≤  0.005 0.05(fishery0.005) 0.2(fishery0.005) 0.2 0.2 
Volatile Phenol**            ≤  0.002 0.002 0.005 0.01 0.01 
Oil Category**              ≤  0.05 0.05 0.05 0.5 1.0 
Anionic Surface-active Agent        ≤  0.2 0.2 0.2 0.3 0.3 
Total Coliform Group Becteria***  ≤    1000   
Benzo(a)pyrene***(ug/L)         ≤  0.0025 0.0025 0.0025   
* The items permitted to be appropriately adjusted according to the background characteristic of the local 
water body. 
** The lowest measurement values in the stipulated analysis and measurement methods, which can not meet 
the fundamental requirements. 
*** Tentative standards 
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Table 2.9 (c): continued (footnote). 
(1) ClassI is mainly applicable to the water from sources, and the national nature reserves. 
(2) Class II is mainly applicable to first class of protected areas for centralized sources of drinking water, the 
protected areas for rare fishes, and the spawning fields of fishes and shrimps. 
(3) Class III is mainly applicable to second class of protected areas for centralized sources of drinking water, 
protected areas for the common fishes and swimming areas. 
(4) Class IV is mainly applicable to the water areas for industrial use and entertainment which is not directly 
touched by human bodies. 
(5) ClassV is mainly applicable to the water bodies for agricultural use and landscape requirement. 
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2.8. Conclusion 
The study area was divided into 18 individual tributaries polygons and 7 
mainstream polygons based on DEM data in ArcGIS. 
 
The land use intensity is relatively low in the study area with a high forest 
coverage of more that 77%. 
 
Unit time output of human emissions and their concentrations of heavy metals 
from human drainages were calculated  
 
Water discharges at the monitoring points were analyzed, while that in high 
water season (May 2013) is larger than in low water season (Oct 2013), was about 5 
times the amount as in low water season at the downstream. As a hydrological event, 
Water discharge in rainy day (Nov 2012) was quite larger than those of other seasons.  
 
Environmental quality standards for surface water in different countries were 
given for comparison.  
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3.  HEAVY METAL BEHAVIORS IN RIVER WATER AND SEDIMENTS 
3.1. Introduction 
Surface water quality is problem of serious concern. The evaluation of water 
quality in most countries has become a critical issue in recent years; especially due to 
concern that freshwater will be a scarce resource in the future (Simeonova et al., 2003; 
Varo et al., 2012; Wunderlin et al., 2001). Heavy metals are one of the most important 
indicators of river water quality which are toxicity to human being and biology at 
extremely low concentration. Rivers in a watershed is a system comprising both the 
mainstream and tributaries, carrying the one-way flow of a significant load of heavy 
metals in dissolved an particulate phase from both natural and anthropogenic sources 
(Shrestha and Kazama, 2007). Aiming to view the spatial and temporal variations in 
the hydrochemistry of surface waters, regular monitoring programs are required for 
reliable estimates of water quality (Singh et al., 2004). 
Besides, river sediments are a very important abiotic element of water 
environment as well as river water. Sediments are generally the sinks for heavy metals 
in aquatic environment and constitute an enriched heavy metal poor that can be 
potentially accumulated by the benthic animals (Campbell et al., 1988). To some 
extent, River Sediments can reflect the local geological background, while parts of 
them were transferred from the local surface land. The speciation of heavy metals in 
sediments is therefore a critical factor in assessing the potential environmental 
impacts.  
In this study, the heavy metal behaviors both in river water and river sediments 
were analyzed in the Kosaka watershed. 
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3.2.  Heavy metal content in river water  
3.2.1. Sampling and experiments 
Sampling was conducted both during the high water season of snow-melting 
period (In Spring, Apr 2012 and May 2013) and low water period (Nov 2012 and Oct 
2013). It was rainy on 17th Nov. 2012 before sampling. Thus the water flows in this 
period was an unexpected hydrological event, while the water discharges and heavy 
metal outflow might be different from usual. For each period, six water samples 
collected from the 6 monitoring points (Figure 2.3) along the Kosaka mainstream and 
21 water samples from different tributaries ahead of where they inflow into the 
mainstream (polygon outlet) were collected (Figure 2.7).  
All water samples for dissolved heavy metal analysis were filtered on site 
(through a 0.2-μm pore membrane) to separate out the larger particles, and HNO3 
(0.7%) was added into each sample to prevent the metal ion hydrolysis precipitation 
prior to analysis. Besides, the bulk samples (river water unfiltered) were also collected, 
adding about 5% HNO 3 in the field, and keep 3 days for dissolving the suspended 
particles. Comparing the soluble heavy metals in river water with that in bulk samples, 
the heavy metals content of suspended particles in river water while at weak acid 
environment can be obtained by the different part. 
In order to concern about the heavy metals in tiny suspended matter,  bulk 
water samples and the water samples were taken (on 18th Nov. 2012, after rain) while 
filtered with different filter, including microfiltration membrane pore size 0.2μm  
and size 0.45μm, ultrafiltration membrane MWCO 3000KD. 
The heavy metal contents were analyzed by ICP/MS (Perkin Elmer Dilan-Ⅱ). In 
this study, the heavy metals, Cu, Zn, Pb, Cu, Al, and As were mainly focused on, 
which were selected for source analysis because of their association with mining 
activities.  
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The catalytical data quality was guaranteed through the implementation of 
laboratory quality assurance and quality control methods, including the use of 
standard operating procedures, calibration with standards, analysis of reagent blanks, 
recovery of known additions and analysis of replicates.  
The basic statistics of water quality parameters, pH, Electrical conductivity (EC) 
and Oxidation-Reduction Potential (ORP) revealed the basic conditions of water 
quality, are summarized in Table 3.1. 
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Table 3.1 Water quality parameters at different location of Kosaka River basin 
Sampling 
site 
2012/11/18 2012/5/7 2013/10/12 
pH 
EC 
(μS/cm) 
ORP 
（mv） 
Temp 
（ °C） 
pH 
Temp 
（ °C） 
pH 
EC 
(μS/cm) 
ORP 
（mv） 
Temp 
（ °C） 
101 6.94 39.7 348 9.0 6.96 6.4 7.03 134.6 243 12.6 
102 7.19 26.4 360 9.1 7.08 6.3 7.11 196.2 247 13.3 
P1 7.02 24.4 369 9.2 7.00 6.0 7.20 153.8 304 13.4 
201 7.23 72.1 367 9.3 7.10 7.2 6.80 149.3 281 12.2 
202 7.17 67.5 338 9.4 6.75 7.0 6.74 143.7 221 12.9 
203 7.28 69.7 358 9.6 7.09 8.9 7.09 132.9 244 13.2 
204 7.10 117.0 336 10.7 6.83 8.6 6.93 70.5 203 14.5 
205 7.26 265.0 320 10.4 6.70 10.5 7.40 31.3 167 14.8 
P2 7.29 88.9 306 10.1 7.22 10.5 7.50 47.8 243 15.0 
301 7.51 42.8 321 10.0 7.09 8.7 6.30 103.1 200 13.7 
302 7.47 78.9 324 9.6 7.08 8.2 7.14 66.5 196 14.6 
303 7.36 72.4 334 9.9 7.15 9.4 7.42 54.7 212 14.4 
304 7.44 46.3 486 9.8 7.05 8.2 7.51 112.9 210 15.3 
P3 7.15 69.1 419 9.9 7.41 7.2 7.44 68.9 209 14.7 
401 7.33 47.1 280 8.9 6.94 12.2 6.25 63.3 214 14.0 
402 7.18 55.4 305 9.3 7.23 9.6 6.82 96.8 186 13.9 
P4 7.33 62.7 317 8.3 7.85 10.0 7.11 70.6 207 14.6 
501 7.31 63.1 315 8.5 7.47 10.0 7.11 71.7 202 14.7 
503 7.60 41.6 320 9.1 7.20 10.2 7.32 108.8 192 11.8 
504 7.39 68.5 303 8.8 7.11 10.3 6.52 81.0 212 11.7 
505 7.30 57.1 326 9.2 7.22 10.5 7.66 60.9 183 12.4 
P5 7.28 81.0 325 9.3 6.69 10.7 7.25 50.7 210 14.5 
601 7.29 52.5 320 10.3 7.42 9.1 7.32 81.9 175 12.3 
602 7.29 41.1 298 10.5 7.01 12.1 7.27 70.0 184 12.6 
603 7.52 40.5 321 9.6 7.26 10.5 7.26 115.4 221 12.8 
612 7.36 49.1 286 9.7 7.87 10.0 7.40 68.8 185 185.0 
P6 7.43 71.9 312 9.4 8.40 9.5 7.31 38.4 223 12.8 
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3.2.2. Heavy metal content in Mainstream River  
The analytical data of heavy metals and As concentration in the Kosaka River at 
monitoring points are displayed Table 3.2. The data of Apirl 2009 (high water season), 
Jul 2009 (low water season), Nov 2010 (low water season) and Oct 2011 (low water 
season) which were analyzed by Kanetsuki, T., are employed in this study for time 
series comparison (Table 3.2). 
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Table 3.2 Heavy metal concentrations (μg/kg) at themonitoring points along the Kosaka River (2009-2013) 
2009.04 Zn Pb As Cd Cu 2012.04 Zn Pb As Cd Cu 
P1 3.24 0.02 0.08 0.02 0.32 P1 2.82 0.02 0.11 0.02 0.33 
P2 32.71 0.03 0.32 0.12 2.33 P2 37.28 0.03 0.56 0.13 1.72 
P3 9.28 0.06 0.32 0.04 0.86 P3 10.13 0.05 0.89 0.05 0.78 
P4 15.44 0.08 0.38 0.06 0.88 P4 28.06 0.09 1.02 0.09 1.00 
P5 27.22 0.13 0.54 0.21 2.54 P5 42.61 0.56 1.51 0.32 3.22 
P6 29.71 0.10 0.50 0.27 2.70 P6 37.21 0.71 1.75 0.32 2.79 
2009.07 Zn Pb As Cd Cu 2012.11.18 Zn Pb As Cd Cu 
P1 3.83 0.03 0.19 0.03 0.40 P1 3.57 0.11 0.20 0.03 1.02 
P2 36.47 0.05 0.64 0.13 1.94 P2 25.77 0.27 0.41 0.10 2.80 
P3 7.14 0.10 1.51 0.04 1.01 P3 93.11 0.31 0.63 0.30 10.28 
P4 14.60 0.07 1.50 0.06 1.27 P4 80.59 0.27 0.57 0.22 6.06 
P5 30.30 0.24 1.84 0.33 5.16 P5 66.10 0.32 1.52 0.67 8.02 
P6 20.37 0.28 2.05 0.23 4.10 P6 48.19 0.25 1.34 0.47 5.85 
2010.11 Zn Pb As Cd Cu 2013.05 Zn Pb As Cd Cu 
P1 2.38 0.09 0.12 0.02 0.59 P1 4.95 0.03 0.11 0.02 0.51 
P2 38.87 0.08 0.29 0.12 1.83 P2 32.34 0.09 0.31 0.12 2.30 
P3 39.25 0.11 0.83 0.06 1.11 P3 20.68 0.14 0.50 0.05 1.27 
P4 60.87 0.24 0.95 0.09 1.34 P4 35.05 0.23 0.37 0.08 1.55 
P5 78.97 0.19 1.10 0.49 4.15 P5 29.56 0.16 0.64 0.28 3.68 
P6 50.44 0.17 0.96 0.46 3.59 P6 27.29 0.14 0.69 0.22 4.13 
2011.10 Zn Pb As Cd Cu 2013.10 Zn Pb As Cd Cu 
P1 2.55 0.06 0.13 --- 0.35 P1 2.72 0.07 0.14 0.02 0.74 
P2 30.40 0.23 0.35 --- 1.77 P2 25.08 0.15 0.35 0.13 2.83 
P3 16.29 0.26 0.74 0.08 1.44 P3 28.54 0.27 0.62 0.12 3.74 
P4 26.23 0.10 0.60 --- 1.19 P4 33.63 0.30 0.24 0.13 3.47 
P5 29.14 0.21 1.28 0.19 4.33 P5 44.73 0.37 1.14 0.38 5.70 
P6 14.47 0.21 1.34 0.15 4.63 P6 41.25 0.26 1.11 0.34 5.42 
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The average values of heavy metal concentrations at the monitoring points were 
calculated both in high water season and low water season respectively. The data of 
Nov 2011 was excluded here for there was an unexpected hydrological event of rain. 
The results were summarized in Figure 3.1 (a-e). The blue lines in Figure 3.1 (a-e) 
stand for the average heavy metal concentrations in high water season at the 
monitoring points, which calculated from the data in Apr 2009, Apr 2012 and May 
2013. While the red lines stand for the average heavy metal concentrations in low 
water season at the monitoring points, that calculated from the data in Jul 2009, Nov 
2010, Oct 2011 and Oct 2013. 
 
 
Fig. 3.1 (a). Average concentration of Zn along Kosaka River  
The results shown in Figure 3.1 (a) show that, from the upstream to the 
downstream, Zn concentration increased between P1 and P2 while decrease between 
P2 and P3, and then increased again between P3 and P5 while decrease again. There 
were two peaks respectively at P2 and P5. It can be considered that the first peak at P2 
might be caused by the Furutobe mine and Ainai mine locating before the monitoring 
point, and the Zn concentration increase between P4 and P5 was mainly influenced by 
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the Kosaka refinery drainage which flux into the mainstream around this area. The 
water quality was bound up with the location of the monitoring points both in the high 
water season and low water season. 
Viewing from the seasonal variation, Zn concentrations in low water were 
relatively larger than that in high water season in the downstream area while there 
were almost no obvious differences of Zn concentration between the high water 
season and the low season at P1 and P2. The upstream watershed of P2 were more 
natural than the other section of the whole Kosaka watershed area since there are no 
effective human activity while completely covered by forest with no paddy field. The 
Zn concentration of downstream monitoring points where influenced by both the 
Kosaka refinery drainage and human activities with paddy fields. The phenomenon 
that Zn concentrations were lower in high water season was especially clear in 
downstream. The larger water flow rate in high water season can effectively dilute the 
pollutants. Therefore, reducing the mine drainages in low water season should be 
proposed. 
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Fig. 3.1 (b). Average concentration of Cu along Kosaka River 
For heavy metal Cu, as shown in Fitgure 3.1 (b), variation trend of 
concentrations from the upstream to the downstream was similar to that of Zn 
concentration. There are also two peaks respectively at monitoring point P2 and P5, 
which corresponding to the the Furutobe mine, Ainai mine and Kosaka refinery 
locating before them. There is no obvious change between monitoring point P3 and 
P4. The water quality bounding up with the location of the monitoring points was also 
revealed by the Cu concentration variation along the Kosaka River. 
There were almost no differences of Cu concentration between the high water 
season and the low water season at monitoring point P1 and P2. Besides monitoring 
point P1and P2, the Cu concentrations in high water season were quite different from 
that in the low season at the other monitoring points, especially at the points that in 
the downstream where influenced by both the Kosaka refinery drainage and human 
activities. At most of the monitoring points, the Cu concentrations were lower in high 
water season than that in low water season.  
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Fig. 3.1 (c). Average concentration of Cd along Kosaka River 
 
The variation trends similar to Cu and Zn concentration along Kosaka 
manstream happens for Cd in spatial. However, the seasonal variation is not so 
obvious comparing with that of Zn and Cu. The difference of Cd concentration 
between high water season and low water season is slight (Figure 3.1(c)).  
Figure 3.1(d) and Figure 3.1(e) show the average concentration of As and Pb. 
The concentration of both As and Pb gradually increased from the upstream to 
downstream. The variation trend of these two elements is quite different from those of 
the heavy metal Zn, Cu and Cd. Thus, human emissions did not generate peak point of 
element concentrations. The increasing concentration of As and Pb in the downstream 
might influenced by the increasing external disturbance, since the upstream watershed 
is more natural which covered with almost forest. 
As concentration in low water season is larger than in high water season, and the 
difference value between them have no much variations in the downstream area. The 
same situation occurs for Pb at the upstream of monitoring point P4. While Pb 
concentration at the downstream in high water season exceeded the value that in low 
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water season. This unreasonable appearance might be caused by the extremely large 
seasonal variations at monitoring point P5 and P6. 
 
 
Fig. 3.1 (d). Average concentration of As along Kosaka River 
 
 
Fig. 3.1 (e). Average concentration of Pb along Kosaka River 
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3.2.3. Heavy metal content in tributaries  
The concentration of trace elements mentioned in this study (Zn, Cu, Cd, Pb, As, 
Li, Al, Fe, Mg, Ca) are summarized in Tables from Table 3.3 to Table 3.6, 
corresponding to different time periods (Oct 2011, Apr 2012, May 2013, Oct 2013). 
The mean concentration of heavy metals, Zn, Cu, Cd, Pb, and As both in high water 
season and low water season were calculated and shown in Figures (from Figure 3.2 
to Figure 3.6). 
Figure 3.2 (a) shows the Zn concentrations in low water seasons (Oct 2011 Oct 
2013), both in the filtered samples and the bulk samples. While Figure 3.2 (b) shows 
the Zn concentrations in high water seasons (Apr 2012, May 2013). They revealed 
that Zn concentrations changes a lot in spatial, among different sub-watershed 
polygons. There is no obvious difference between Zn concentrations in filtered 
samples and bulk samples. 
In majority of the sub-watershed polygons, Zn concentration was beyond the 
environmental quality standard for surface water in Japan (30 μg/kg). In general, Zn 
pollution was serious in the study area, especially in some parts, like polygon 401 area. 
The average soluble Zn concentration in polygon 401was up to about 430 μg/kg in 
low water season while up to about 285 μg/kg in high water season, much larger than 
the standard. Besides, the Furutobe mine, Ainai mine and the Kosaka refinery, the 
untreated Horinai mine site in this polygon might be an critical pollution source and 
need to be care about. High heavy metal concentration peaks has relation with the 
mine site location, since mine site can be found in these peak polygons (Figure 2.4). 
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Fig. 3.2 (a). Zn concentrations in low water season  
 
Fig. 3.2 (b). Zn concentrations in high water season  
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Spatial variation of Cu concentration was wide as well as Zn, but the 
variation trends is different from Zn. There are several peak points among the 
sub-watershed polygons. The largest Cu concentration occurs in polygon 503 both in 
high water season and low water season, respectively corresponding to 7.96 μg/kg and 
9.37 μg/kg. The average Cu contents in the study area were generally below the 
standards of the environmental quality. Cu content in unfiltered bulk water samples 
were larger than that in soluble water samples in Oct 2013, since the yellow dots 
related to the bulk samples in Figure 3.3(a) and Figure 3.3 (b) mostly lies on the top 
of the red dots that stands for the soluble water samples. The suspended particles in 
bulk samples contained a larger amount of wak acid soluble Cu, which is also the 
dangerous part of living things. 
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Fig. 3.3 (a). Cu concentrations in low water season  
 
Fig. 3.3 (b). Cu concentrations in high water season  
 
0
2
4
6
8
10
12
1
0
1
1
0
2
P
1
2
0
1
2
0
2
2
0
3
2
0
4
2
0
5
P
2
3
0
1
3
0
2
3
0
3
3
0
4
P
3
4
0
1
P
4
5
0
1
5
0
3
5
0
4
5
0
5
5
0
6
P
5
6
0
1
6
0
2
6
0
3
6
1
2
P
6
C
o
n
ce
n
tr
at
io
n
 (
u
g
/k
g
) Cu concentration in 0.2um filtered sanples in Oct 2011
Cu concentration in 0.2um filtered sanples in Oct 2013
Cu concentration in bulk sanples in Oct 2013
Average of Cu concentration in low water season
0.0
2.0
4.0
6.0
8.0
10.0
12.0
1
0
1
1
0
2
P
1
2
0
1
2
0
2
2
0
3
2
0
4
2
0
5
P
2
3
0
1
3
0
2
3
0
3
3
0
4
P
3
4
0
1
P
4
5
0
1
5
0
3
5
0
4
5
0
5
5
0
6
P
5
6
0
1
6
0
2
6
0
3
6
1
2
P
6
C
o
n
ce
n
tr
at
io
n
 (
u
g
/k
g
) Cu concentration in 0.2um filtered samples in Apr 2012
Cu concentration in 0.2um filtered samples in May 2013
Cu concentration in bulk samples in May 2013
Average of Cu concentration in high water season
 78 
In Figure 3.4(a) and Figure 3.4 (b), Pb content in bulk samples were much 
different from that in filtered samples. In most of the sub-watershed polygons, Pb 
concentrations in bulk samples were much larger than that in soluble water samples. 
The suspended particles in bulk samples contained a larger amount of Weak acid 
soluble Pb. The largest Pb concentration in this study area locates in polygon 401 in 
low water season, and the value was up to 1.18 μg/kg. While in high water season, 
there are three remarkable peak points, in polygon 401, polygon 601 and monitoring 
point P6, respectively corresponding to the Pb concentration of 0.45 μg/kg, 0.45μg/kg 
and 0.42μg/kg. 
Pb concentrations were below the Environmental Quality Standards of Japan (10 
μg/kg).  Pb is safe for the human beings in the study area. The spatial variations of 
Pb concentration happened among different sub-watershed polygons. There are 
obvious differences between Pb concentrations in high water season and low water 
season, appearing that Pb concentrations in low water season were larger than that in 
high water season. 
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Fig. 3.4 (a). Pb concentrations in low water season 
 
Fig. 3.4 (b). Pb concentrations in high water season  
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Figure 3.5(a) and Figure 3.5(b) show the Cd concentrations both in high water 
season and low water season. It is revealed that there is no obvious difference 
between Cd concentrations in filtered samples and that in bulk samples. That is, the 
suspended particles in bulk samples contained very little amount of weak acid soluble 
Cd. The spatial variations both in high water season and low water season appeared to 
be obvious. There are three remarkable peak points in polygon 401, plygon 503 and 
monitoring point P5, corresponding to the relatively larger Cd concentration, 0.61 
μg/kg, 0.60μg/kg and 0.28μg/kg in low water season. While the larger values happen 
in polyon 401, polygon 503, polygon 601, and monitoring point P5. The seasonal 
different of Cd concentration in the study area was slight. In general, the Cd 
concentration in the study area was extremely low, and was safe for the environmental 
quality requirement. 
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Fig. 3.5 (a). Cd concentrations in low water season  
 
Fig. 3.5 (b). Cd concentrations in high water season  
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Figure 3.6 (a) and Figure 3.6(b) show the As concentration changes both in high 
water season and low water season. The As concentration is low in the whole study 
area, and below the Environmental quality of Standard of Japan (10 μg/kg).There is 
no obvious difference between As content in filtered water samples and bulk water 
samples, illustrated that there is no much As content in suspended particles in the bulk 
samples both in high water season and low water season. 
 The spatial variations were also obvious both in high water season and in low 
water season, as well as the heavy metals Zn, Cu, Cd, and Pb. Viewing from average 
As concentrations, the seasonal difference is slight. However, As concentration in Apr 
2012 is larger than that in May 2013, the variance is remarkable. 
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Fig. 3.6 (a). As concentrations in low water season 
 
Fig. 3.6 (b). As concentrations in high water season 
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Table 3.3 Concentrations of trace elements in 0.2-μm pore membrane filtered water samples (at monitoring points and tributary sampling site) in 
Oct 2011. 
Sampling site Li Al Cu Zn Cd Pb Fe As Mg Ca 
101 0.05 9.01 0.31 2.99 0.02 0.06 8.79 0.09 38.58 27.25 
102 0.25 2.93 0.34 1.80 0.01 0.04 14.30 0.09 1.88 2.81 
P1 0.06 8.35 0.35 2.55 --- 0.06 10.63 --- 29.48 26.91 
201 0.08 39.52 2.57 31.78 0.03 0.04 6.64 0.03 26.78 39.42 
203 0.05 4.72 0.76 0.91 0.15 0.03 4.00 0.07 13.69 35.73 
205 8.87 12.78 2.65 52.69 0.03 0.05 43.96 0.70 53.79 481.28 
P2 4.43 9.76 1.77 30.40 --- 0.23 35.65 0.35 43.57 288.15 
301 1.63 6.11 0.31 0.57 --- 0.04 28.75 1.42 28.84 83.74 
302 6.17 8.70 0.40 1.31 --- 0.07 54.96 0.32 40.74 166.92 
303 0.25 8.56 0.58 5.18 0.11 0.04 29.32 0.43 23.79 113.85 
304 1.14 15.83 0.65 1.79 --- 0.14 130.36 1.31 16.49 54.36 
P3 3.67 10.27 1.44 16.29 0.08 0.26 68.31 0.74 3.72 16.78 
401 0.42 24.59 2.26 440.09 0.35 0.82 68.40 --- 27.21 51.30 
P4 3.17 10.61 1.19 26.23 --- 0.10 54.33 0.60 31.46 143.88 
503+505 1.09 7.50 2.08 18.99 --- 0.11 28.75 0.28 28.84 101.43 
504 0.32 17.38 1.57 8.20 --- 0.21 37.13 0.80 21.36 66.03 
506 0.21 14.71 0.38 3.70 --- 0.11 60.84 0.32 17.02 46.86 
P5 2.78 20.94 4.33 29.14 0.19 0.21 46.01 1.28 31.44 205.14 
601 0.43 15.29 3.13 37.76 0.12 0.21 91.48 0.80 24.64 78.17 
602 0.75 18.12 0.68 0.67 --- 0.12 49.96 3.37 11.42 47.07 
603 0.14 7.68 0.26 0.64 --- 0.04 15.95 --- 14.60 40.16 
612 0.58 15.42 1.70 11.19 --- 0.18 103.36 1.22 22.10 76.39 
P6 3.19 20.25 4.63 14.47 0.15 0.21 43.71 1.34 32.77 232.51 
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Table 3.4 Concentrations of trace elements in 0.2-μm pore membrane filtered water samples (at monitoring points and tributary sampling site) in 
Apr 2012. 
Sampling site Li Al Cu Zn Cd Pb Fe As Mg Ca 
101 0.37 48.44 0.37 4.21 0.03 0.05 5.02 0.08 4.51 3.24 
102 0.41 37.77 0.33 1.15 0.01 0.03 9.38 0.11 2.00 3.12 
P1 0.31 38.34 0.33 2.82 0.02 0.02 6.32 0.11 3.46 3.15 
201 0.62 193.73 2.42 33.20 0.15 0.02 2.82 0.26 3.07 4.52 
203 0.19 26.29 0.75 1.26 0.02 0.03 3.13 0.23 1.43 3.52 
205 116.44 68.36 2.35 63.05 0.17 0.01 38.63 0.80 7.42 67.06 
P2 51.61 298.03 1.72 37.28 0.13 0.03 27.26 0.56 5.28 33.77 
301 20.02 25.52 0.33 0.51 0.02 0.01 30.39 1.86 3.26 9.08 
302 60.84 107.90 0.79 2.63 0.02 0.13 64.08 0.42 4.83 21.16 
303 2.69 32.64 0.76 5.53 0.04 0.02 26.41 0.44 3.04 13.01 
304 18.60 71.22 0.60 1.88 0.02 0.13 142.96 1.57 1.98 6.91 
P3 38.06 70.82 0.78 10.13 0.05 0.05 65.06 0.89 3.66 17.27 
401 2.98 90.65 1.48 171.27 0.31 0.48 166.56 1.47 15.04 0.00 
P4 38.42 73.81 1.00 28.06 0.09 0.09 57.55 1.02 3.69 16.65 
503+505 21.87 70.57 2.07 18.75 0.11 0.13 36.21 0.70 3.50 13.15 
504 2.76 86.55 1.55 13.32 0.11 0.13 31.95 0.89 2.46 7.37 
506 1.55 82.68 0.41 5.33 0.03 0.17 52.25 0.34 1.77 4.44 
P5 30.51 129.81 3.22 42.61 0.32 0.56 39.79 1.51 3.64 20.59 
601 3.91 95.54 2.61 55.74 0.27 0.18 82.68 0.80 2.54 7.42 
602 7.47 81.46 0.55 0.71 0.01 0.07 34.46 2.50 1.17 4.37 
603 1.23 42.04 0.22 0.62 0.01 0.03 17.30 0.22 1.38 3.50 
612 5.60 57.94 1.72 21.37 0.16 0.08 73.06 0.87 3.42 10.76 
P6 27.99 114.64 2.79 37.21 0.32 0.71 36.93 1.75 3.23 18.01 
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Table 3.5 Concentrations of heavy metals and As (at monitoring points and tributary sampling site) in May 2013. 
Sampling site 
Samples filtered by 0.2-μm pore membrane BULK Samples 
Cu Zn As Cd Pb Cu Zn As Cd Pb 
101 0.27 4.86 0.13 0.03 0.05 0.40 5.26 0.09 0.04 0.13 
102 0.42 5.89 0.11 0.01 0.02 0.40 5.52 0.14 0.02 0.20 
P1 0.51 4.95 0.11 0.02 0.03 0.34 5.66 0.09 0.02 0.10 
201 2.43 30.42 0.19 0.12 0.04 2.85 29.89 0.20 0.12 0.19 
202 1.03 14.23 0.11 0.05 0.05 1.22 13.36 0.13 0.06 0.15 
203 0.65 3.79 0.17 0.02 0.04 0.20 0.69 0.02 0.01 0.10 
204 1.23 21.33 0.16 0.14 0.08 2.02 24.10 0.22 0.11 0.30 
205 4.05 57.12 0.38 0.16 0.04 9.22 65.51 0.48 0.18 0.34 
P2 2.30 32.34 0.31 0.12 0.09 3.73 36.04 0.34 0.13 0.30 
301 0.40 3.06 0.68 0.02 0.04 0.57 3.44 0.54 0.00 0.14 
302 0.74 4.41 0.24 0.03 0.03 0.71 4.62 0.24 0.00 0.12 
303 0.68 10.47 0.27 0.06 0.04 1.07 12.82 0.29 0.08 0.37 
304 0.89 6.87 0.46 0.04 0.16 1.13 7.85 0.50 0.05 0.41 
P3 1.27 20.68 0.50 0.05 0.14 1.51 13.02 0.44 0.06 0.37 
401 2.55 398.34 0.23 0.80 0.45 2.55 366.73 0.23 0.86 0.85 
P4 1.55 35.05 0.37 0.08 0.23 2.03 22.67 0.51 0.08 0.62 
501 1.21 16.22 0.39 0.07 0.09 1.85 22.21 0.52 0.08 0.73 
503 9.37 107.89 0.23 0.70 0.24 10.31 98.66 0.35 0.70 0.69 
504 1.67 10.90 0.62 0.10 0.18 2.37 12.84 0.60 0.10 0.70 
505 1.10 23.86 0.45 0.12 0.17 1.52 31.86 0.37 0.11 0.35 
506 0.58 8.37 0.27 0.04 0.10 0.73 8.47 0.22 0.02 0.19 
P5 3.68 29.56 0.64 0.28 0.16 5.34 33.88 0.99 0.28 0.77 
601 4.62 54.50 0.69 0.28 0.72 4.62 54.50 0.69 0.28 0.74 
602 0.96 4.12 1.75 0.03 0.08 1.74 6.07 1.79 0.02 0.22 
603 0.29 3.03 0.18 0.01 0.07 0.62 5.49 0.17 0.02 0.15 
612 1.88 16.24 0.90 0.10 0.16 2.17 16.13 0.97 0.11 0.38 
P6 4.13 27.29 0.69 0.22 0.14 4.97 24.25 0.92 0.25 0.49 
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Table 3.6 Concentrations of heavy metals and As (at monitoring points and tributary sampling site) in Oct 2013. 
Sampling site 
Samples filtered by 0.2-μm pore membrane BULK Samples 
Cu Zn Cd Pb As Cu Zn Cd Pb As 
101 0.79 3.45 0.03 0.13 0.14  0.73 3.43 0.03 0.20 0.06  
102 0.82 1.56 0.01 0.06 0.20  0.93 0.94 0.01 0.11 0.11  
P1 0.74 2.72 0.02 0.07 0.14  1.15 3.77 0.03 0.19 0.08  
201 3.44 27.60 0.14 0.09 0.23  3.80 26.57 0.13 0.27 0.14  
202 1.54 8.87 0.06 0.07 0.15  1.74 8.79 0.06 0.17 0.08  
203 1.92 1.49 0.03 0.07 0.16  1.95 1.05 0.02 0.14 0.12  
204 1.98 18.13 0.11 0.15 0.21  2.36 16.98 0.12 0.43 0.18  
205 3.91 41.16 0.15 0.10 0.53  6.46 47.37 0.16 0.77 0.61  
P2 2.83 25.08 0.13 0.15 0.35  3.67 26.89 0.13 0.51 0.37  
301 0.57 1.10 0.02 0.05 0.70  0.94 1.13 0.03 0.41 0.69  
302 0.81 1.60 0.01 0.12 0.35  1.91 5.26 0.05 1.36 0.50  
303 1.24 8.32 0.04 0.06 0.45  2.04 10.51 0.08 0.95 0.45  
304 0.91 2.31 0.02 0.41 1.32  1.19 2.85 0.04 0.88 1.35  
P3 3.74 28.54 0.12 0.27 0.62  5.05 33.86 0.14 1.12 0.72  
401 3.34 419.00 0.86 1.53 0.20  3.88 393.81 0.91 2.16 0.24  
P4 3.47 33.63 0.13 0.30 0.24  5.43 45.36 0.16 1.42 0.24  
501 3.73 33.50 0.13 0.37 0.64  5.33 43.16 0.16 1.38 0.82  
503 7.96 89.96 0.60 0.19 0.64  9.58 88.95 0.60 0.47 0.87  
504 2.10 13.53 0.12 0.19 0.35  2.66 12.50 0.10 0.56 0.35  
505 1.42 17.95 0.12 0.13 0.31  1.66 18.25 0.10 0.25 0.37  
506 0.61 5.04 0.04 0.16 0.80  0.89 4.42 0.04 0.40 0.79  
P5 5.70 44.73 0.38 0.37 1.14  8.23 48.78 0.41 1.48 1.73  
601 4.13 38.33 0.21 0.22 0.75  4.86 41.74 0.23 0.54 0.85  
602 0.91 1.78 0.02 0.09 2.26  1.44 1.66 0.03 0.84 2.50  
603 0.36 1.64 0.02 0.04 0.17  0.55 0.20 0.01 0.10 0.19  
612 2.26 12.19 0.10 0.22 1.20  4.00 16.19 0.11 0.64 1.35  
P6 5.42 41.25 0.34 0.26 1.11  6.99 44.69 0.39 0.86 1.39  
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3.2.4. Heavy metal behaviors in rainy day 
Water samples which were sampled in Nov 2012 included the bulk water 
samples and the water samples were filtered with different filter (microfiltration 
membrane pore size 0.2μm and size 0.45μm, ultrafiltration membrane MWCO 
3000KD). The heavy metals of Zn, Cu, Cd, Pb and As were analyzed by ICP-MS, and 
the results were summarized in Table 3.7(a) and Table 3.7(b). 
The Figures from Figure 3.7(a) to Figure 3.7 (e) show the heavy metals in water 
samples with different degree of tiny suspended matter. It is revealed that, the heavy 
metal concentrations in the three sets of filtered water samples which filtered by the 
three different filter degree（3000KD, 0.2μm and 0.45μm）were close at the same 
sampling site, however the heavy metal concentrations increased according to the 
increasing filter size (3000KD < 0.2μm and < 0.45μm) in general.  
Heavy metal contents in bulk samples were larger than that in the filtered 
samples. For Zn shown in Figure 3.7 (a), the extremely high content in bulk samples 
happened in polygon 205, polygon 601 and polygon 612. While at other sampling 
sites, Zn concentrations were close to each other in river water of different filter 
degree. 
The heavy metal content in bulk samples in Polygon 205, polygon 601 and 
polygon 612 were all extremely larger than filtered samples for all the trace elements 
(Figure 3.7(a) to Figure 3.7 (e)). These difference values in rainy day were more 
prominent than that in common period (Figure 3.2-Figure 3.6). This phenomenon was 
caused by the feculent bulk water samples that content much more suspended 
particles, which flow into rivers with rain water. The tiny geological particles of 
surface land in Polygon 205, polygon 601 and polygon 612 were easily migrated by 
rain water.  
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The extremely high Pb concentration in bulk samples in polygon 601 and polyon 
612 illustrated a larger content of weak acid soluble Pb, appearing high Pb pollution 
risk in rainy day. The same situation occurs for Cu, Cd, and As. 
 
 
Figure 3.7 (a). Zn concentration in river water of different filter degree in Nov 2012 
 
 
Figure 3.7 (b). Cu concentration in river water of different filter degree in Nov 2012 
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Figure 3.7 (c). Cd concentration in river water of different filter degree in Nov 2012 
 
Figure 3.7 (d). As concentration in river water of different filter degree in Nov 2012 
 
Figure 3.7 (e). Pb concentration in river water of different filter degree in Nov 2012 
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Table 3.7 (a) Concentrations of heavy metals and As (at monitoring points and tributary sampling site) in Nov 2012. 
Sampling site 
BULK Samples Samples filtered by 0.45-μm pore membrane 
Zn Cu Pb Cd As Zn Cu Pb Cd As 
101 7.30 1.30 0.88 0.07 0.20 4.98 0.78 0.14 0.05 0.19 
102 3.26 1.39 0.56 0.03 0.25 1.50 1.00 0.10 0.01 0.25 
P1 5.90 1.58 0.84 0.06 0.22 3.38 0.94 0.13 0.04 0.19 
201 42.07 7.99 1.03 0.20 0.28 36.00 4.82 0.24 0.16 0.28 
202 12.25 2.74 0.54 0.07 219.00 9.95 1.91 0.14 0.06 0.19 
203 1.39 2.69 0.38 0.04 0.22 1.26 2.45 0.17 0.02 0.24 
204 37.14 5.07 2.84 0.23 0.55 22.67 2.52 0.33 0.12 0.34 
205 
P2 
111.83 
40.22 
19.26 
6.39 
2.54 
1.78 
0.40 
0.18 
1.89 
0.76 
31.95 
25.57 
3.11 
2.84 
0.08 
0.27 
0.10 
0.12 
0.46 
0.46 
301 5.51 1.99 1.77 0.06 0.89 0.60 0.85 0.14 0.01 0.60 
302 3.69 1.38 1.03 0.05 0.54 1.24 0.79 0.12 0.02 0.40 
303 17.28 2.51 1.25 0.15 0.60 13.14 1.49 0.16 0.10 0.52 
304 
P3 
4.53 
111.18 
1.50 
18.24 
1.13 
2.58 
0.07 
0.43 
2.12 
0.15 
2.87 
92.04 
1.32 
10.48 
0.37 
0.34 
0.06 
0.29 
1.66 
0.73 
401 477.45 5.96 4.26 1.42 0.38 496.15 4.75 1.74 1.36 0.27 
P4 83.63 8.40 1.09 0.29 0.73 77.83 6.14 0.28 0.21 0.55 
501 88.08 8.37 0.97 0.29 0.83 74.79 6.25 0.26 0.22 0.59 
503 40.10 15.02 1.64 0.31 0.53 39.14 12.22 0.38 0.28 0.42 
504 10.44 2.97 1.49 0.16 0.83 7.48 2.43 0.26 0.11 0.78 
505 40.10 7.01 1.32 0.31 0.60 39.14 5.89 0.28 0.28 0.56 
506 9.64 0.99 0.74 0.07 0.36 8.34 0.67 0.13 0.06 0.30 
P5 73.80 12.30 2.09 0.77 3.58 64.90 8.08 0.36 0.67 1.62 
601 201.15 141.12 51.60 1.76 5.25 61.61 10.25 1.38 0.47 1.14 
602 8.53 5.55 0.75 0.04 1.37 2.14 1.25 0.14 0.04 1.31 
603 7.39 0.69 0.17 0.43 0.19 0.57 0.37 0.04 0.01 0.25 
612 49.07 35.30 13.56 
 
2.43 20.77 5.48 0.76 0.19 1.14 
P6 49.77 8.44 1.24 0.50 2.30 48.52 5.86 0.26 0.50 1.43 
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Table 3.7 (b) Concentrations of heavy metals and As (at monitoring points and tributary sampling site) in Nov 2012. 
Sampling site 
Samples filtered by 0.2-μm pore membrane Samples filtered by ultrafiltration membrane MWCO 3000KD. 
Zn Cu Pb Cd As Zn Cu Pb Cd As 
101 5.72 0.86 0.15 0.03 0.19 4.58 0.46 0.02 0.04 0.19 
102 2.20 1.16 0.11 0.01 0.24 1.28 0.72 0.01 0.01 0.21 
P1 3.57 1.02 0.11 0.03 0.20 2.24 0.43 0.03 0.12 0.18 
201 36.36 4.86 0.26 0.17 0.26 30.59 2.93 0.02 0.04 0.24 
202 10.79 2.14 0.14 0.05 0.22 9.35 1.21 0.02 0.01 0.17 
203 1.44 2.51 0.17 0.03 0.31 0.71 1.52 0.02 0.11 0.23 
204 23.35 2.52 0.25 0.13 0.36 20.73 1.78 0.06 0.07 0.33 
205 32.38 3.31 0.10 0.11 0.55 29.67 2.45 0.01 0.09 0.57 
P2 25.77 2.80 0.27 0.10 0.41 19.26 1.99 0.02 0.00 0.40 
301 0.60 0.80 0.09 0.02 0.60 0.64 0.57 0.03 0.01 0.57 
302 1.81 0.72 0.11 0.02 0.49 10.96 0.43 0.04 0.08 0.38 
303 13.83 1.58 0.16 0.11 0.52 12.11 1.24 0.02 0.04 0.54 
304 2.85 1.19 0.35 0.06 1.47 1.93 0.49 0.01 0.26 1.35 
P3 93.11 10.28 0.31 0.30 0.63 81.010 8.365 0.004 1.305 0.675 
401 501.49 4.71 1.74 1.37 0.35 504.18 3.34 1.31 0.88 0.31 
P4 80.59 6.06 0.27 0.22 0.57 73.48 3.29 0.02 0.22 0.52 
501 75.89 6.13 0.28 0.25 0.55 71.16 4.22 0.06 0.24 0.57 
503 40.58 12.24 0.32 0.26 0.46 8.38 9.44 0.03 0.25 0.42 
504 7.63 2.35 0.23 0.12 0.81 7.18 1.71 0.04 0.09 0.80 
505 40.58 5.86 0.28 0.26 0.57 8.38 0.79 0.03 0.25 0.57 
506 8.93 0.73 0.12 0.16 0.20 20.55 2.23 0.02 0.06 0.27 
P5 66.10 8.02 0.32 0.67 1.52 62.34 5.39 0.01 0.60 1.45 
601 62.67 9.31 1.05 0.45 1.00 55.14 6.14 1.03 0.36 0.92 
602 2.23 1.25 0.13 0.03 1.32 1.93 0.72 0.02 0.03 1.20 
603 0.88 0.38 0.03 0.02 0.22 1.23 0.42 0.03 0.01 0.26 
612 16.39 4.57 0.24 0.09 1.12 17.98 2.95 0.01 0.15 0.98 
P6 48.19 5.85 0.25 0.47 1.34 46.11 3.94 0.04 0.44 1.30 
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3.2.5. Seasonal comparison of soluble heavy metals 
For seasonal comparison, average soluble heavy metal concentrations (filtered by 
0.2-μm pore membrane) in high water season, low water season, and soluble heavy 
metal concentrations in rainy day were displayed from Figure 3.8 (a) to Figure 3.8 (e). 
There was no obvious seasonal variation of Zn concentration at most of the 
sampling sites, especially in the upstream area. In polygon 401, which has the largest 
Zn concentration，Zn concentration in rainy day was larger than that in the low water 
season, while Zn concentration in low water season is larger than that in high water 
season. 
For Cu, the concentrations in rainy day were larger than that in the other two 
time periods among all the sampling sites. The variation trend in the upstream area 
changes in company with each other, while in the downstream was quiet different 
from each other. Cu concentrations in polygon 505, polygon 601, monitoring point P3 
and P5 in rainy day were several times larger than common period. 
Pb concentrations at most of the sampling sites in rainy day were larger than that 
in the low water season, which were larger than that in high water season. The 
changing lines of the three time periods were consistent with each other most of the 
time. However, there was a special at polygon 601 that the difference between Pb 
concentrations in rainy day was much larger than common period. 
 In the upstream area, there were no much differences of Cd concentrations 
among different time period. While in the downstream area, Cd concentrations in low 
water season changed in accordance with that in high water season, and there were no 
much differences between them. Cd concentrations in rainy day were much larger in 
polygon 401, polygon 601 and monitoring point P5. 
Figure 3.8 (e) shows As concentrations in high water season, low water season 
and in rainy day. The variation trends of them in accordance with each in the upstream 
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area, as well as other heavy metals. There were peak value in polygon 301, polygon 
304, polygon 602 and monitoring point P5 in all the three time period. Besides, in 
polygon 401, there was no big peak value as other trace elements. It was valley value 
of As concentration at polygon 401 in both low water season and rainy day.  
Generally speaking, heavy metal concentrations in low water season were larger 
than that in high water season by and large. While heavy metal concentrations in rainy 
day were even larger than that in low water season.  
 
 
Fig. 3.8 (a). Zn concentrations in different time periods 
 
Fig. 3.8 (b). Cu concentrations in different time periods 
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Fig. 3.8 (c). Pb concentrations in different time periods 
 
Fig.3.8 (d). Cd concentrations in different time periods 
 
Fig.3.8 (e). As concentrations in different time periods 
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3.3. Interrelation between heavy metals in river water 
 Multivariate correlation analysis was employed to analyze the interrelations 
between heavy metals in river water in different time periods. Table 3.8 and Figure 
3.9 show the results of correlation analysis on heavy metals in river water in Apr 2012. 
It is revealed that there were strong correlations between heavy metal Cu and Cd, and 
the correlation coefficient was up to 0.88. While strong correlations also occur 
between Zn and Pb, Zn and Cd, respectively corresponding to the correlation 
coefficients of 0.87 and 0.75. Magnesium (Mg) had obvious correlations with Zn and 
Pb, with the correlation coefficients of 0.89 and 0.81 while Lithium （Li） strongly 
correlated to Calcium（Ca）. 
The results of multivariate correlation analysis basd on the data in May 2013 and 
Oct 2013 show strong correlations between heavy metal Zn and Cd, also between Cu 
and Cd (Table 3.9, Table 3.10 and Figure 3.10). However, the interrelations between 
other heavy metals were unconspicuous. 
The heavy metals in rainy day had strong correlations between Zn and Cd, also 
between Pb and Cd. Besides, heavy metal Zn was strongly correlated to Pb in river 
water in Nov 2012 (Table 3.11, Figure 3.11). 
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Table 3.8 correlation coefficients of metals in river water (Apr 2012) 
 Li Al Cu Zn Cd Pb Fe As Mg Ca 
Li 1.0000          
Al 0.2669 1.0000         
Cu 0.3173 0.5043 1.0000        
Zn 0.1577 0.2693 0.4883 1.0000       
Cd 0.1633 0.3929 0.8809 0.7520 1.0000      
Pb -0.1060 0.0853 0.2463 0.8742 0.6150 1.0000     
Fe 0.0715 0.0151 0.1014 0.5950 0.3533 0.6452 1.0000    
As 0.1248 0.0361 0.2236 0.2382 0.3319 0.3339 0.4373 1.0000   
Mg 0.2908 0.1778 0.2233 0.8877 0.4919 0.8138 0.5433 0.1200 1.0000  
Ca 0.9483 0.3007 0.4255 0.1641 0.2416 -0.1622 -0.0501 0.0519 0.2431 1.0000 
 
 
Fig.3.9. Correlations between metals in river water (Apr 2012) 
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Table 3.9 correlation coefficients of metals in river water (May 2013) 
 Cu Zn Cd Pb As 
Cu 1.0000     
Zn 0.3483 1.0000    
Cd 0.7472 0.8559 1.0000   
Pb 0.4702 0.5358 0.6019 1.0000  
As 0.0715 -0.1173 -0.0591 0.1865 1.0000 
 
Table 3.10 correlation coefficients of metals in river water (Oct 2013) 
 Cu Zn Cd Pb As 
Cu 1.0000     
Zn 0.3163 1.0000    
Cd 0.6670 0.8748 1.0000   
Pb 0.4237 0.6168 0.5678 1.0000  
As 0.2054 -0.1141 0.0056 0.2743 1.0000 
 
 
 Fig.3.10. Correlations between metals in river water in 2013 
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Table 3.11 correlation coefficients of metals in river water (Nov 2012) 
 Cu Zn Cd Pb As 
      
Cu 1.0000     
Zn 0.2951 1.0000    
Cd 0.4780 0.9135 1.0000   
Pb 0.3772 0.8883 0.8732 1.0000  
As 0.2753 -0.0499 0.1916 0.0952 1.0000 
 
 
Fig.3.11. Correlations between metals in river water in Nov 2012 
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3.4.  Total heavy metal content in river sediments 
3.4.1. Sampling and experiments 
Samples of river sediments were collected in May 2013 at the same sampling 
sites of river water samples, including 6 samples at monitoring points, and 21samples 
at tributary outlet to mainstream of each sub-watershed polygons. The collected river 
sediments samples were stored in polyethylene bags for transport and storage. All the 
samples were naturally dried, and then sieved though a 2.0-mm sieve to remove big 
stones, coarse materials, and other debris. River sediments samples were ground in a 
mechanical agate grinder (particle size <0.075mm). The ground power samples were 
directly compressed into thin section samples used for XRF analysis. 
3.4.2. Total heavy metal content in river sediments 
Portions of the XRF analysis results of river sediments were summarized in 
Table 3.12. Figure 3.12 and Figure 3.13 shows the total contents of heavy metal Zn, 
Pb, Cu, and As. There were significant spatial differences among different monitoring 
points and different sub-watershed polygons. 
The largest Zn content of river sediments was in polygon 401, and was up to 
1019.6 mg/kg (Table 3.12). Since the total heavy metal content in river sediments, to 
some extent, responds the natural geological background. Thus, the high total content 
of Zn in the sediments of polygon 401 illustrated the naturally enrichment of Zn in 
polygon 401. The changing line of Zn content and Cu content had a similar shape 
excluding the sampling site of 401, where had a big peak value of Zn while no peak 
value of Cu content. The highest Cu content in river sediments was 222.63 mg/kg at 
the sampling site polygon 503. 
The increase or decrease trend of Pb contents and As contents was agree with 
each other from the upstream to downstream. There might be a relationship between 
Pb and As content in river sediments. The spatial variation of Pb an As were still 
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remarkable, as well as Zn and Cu. These spatial differences may be partly caused by 
the spatial heterogeneity of geological features with each polygon, since the 
geological features are quite different among these polygons. Besides, these spatial 
differences may also affect by human activities, since, there are many old mine sites 
in this area. For how much these spatial differences were caused by natural geological 
background and how much was caused by human mining activities need to do further 
study. 
 
Fig.3.12. Cu and Zn contents in sediments at tributary outlets and monitoring points  
 
Fig. 3.13. Pb and As contents in sediments at tributary outlets and monitoring points  
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Table 3.12 XRF analysis results of river sediments at tributary outlets and monitoring points (May 2013) 
Sampling site 
Cr
（mg/kg） 
Ni
（mg/kg） 
Cu
（mg/kg） 
Zn
（mg/kg） 
As
（mg/kg） 
Pb
（mg/kg） 
MgO(%) Al2O3(%) SiO2(%) CaO(%) TiO2(%) MnO(%) Fe2O3(%) 
101 37.01 14.91 26.17 180.01 7.80 23.78 6.58 15.13 61.40 0.86 0.59 0.15 6.43 
102 24.38 14.49 36.58 164.13 5.81 23.96 4.35 16.43 61.59 1.29 0.59 0.16 5.64 
P1 43.96 15.83 22.54 167.58 5.04 17.11 6.21 17.07 58.00 0.52 0.54 0.15 6.29 
201 56.38 19.19 114.28 565.18 10.68 35.35 6.21 16.09 55.13 1.41 0.74 0.19 6.62 
202 38.56 14.42 50.36 272.33 13.05 36.12 5.14 15.25 58.41 1.22 0.53 0.17 5.45 
203 55.47 21.35 86.00 223.84 11.81 53.99 4.63 15.70 56.49 2.61 0.71 0.17 6.44 
204 25.37 10.19 60.12 241.79 7.21 27.86 3.39 14.89 64.82 2.63 0.55 0.12 4.74 
205 8.67 7.35 111.20 570.22 21.45 43.59 1.73 17.15 57.77 3.00 0.69 0.34 6.52 
P2 23.25 7.60 68.43 298.60 12.58 33.42 3.18 16.52 62.70 2.83 0.55 0.12 4.67 
301 39.39 22.14 21.38 110.53 14.18 24.25 4.49 15.46 63.23 2.62 0.51 0.13 5.01 
302 9.83 12.75 23.26 153.99 5.37 15.31 3.14 13.88 66.15 2.24 0.80 0.22 5.74 
303 8.29 7.30 23.66 188.51 8.62 26.98 1.92 16.77 62.88 3.38 0.59 0.15 4.27 
304 26.21 14.82 59.19 275.89 15.23 53.63 2.17 15.30 59.82 4.11 0.59 0.15 5.36 
P3 18.52 8.57 40.09 239.55 8.46 21.96 3.28 15.05 63.29 3.26 0.79 0.19 5.87 
401 4.79 6.22 66.11 1019.59 23.05 115.19 2.35 15.05 67.41 2.70 0.70 0.22 5.17 
P4 18.79 11.90 55.13 326.61 14.48 43.06 3.26 15.76 62.76 2.78 0.55 0.17 4.70 
501 20.30 13.05 69.89 365.85 15.69 52.49 3.47 15.76 61.00 2.68 0.54 0.17 4.87 
503 24.14 10.40 222.63 633.62 25.60 118.45 1.79 14.79 65.23 2.68 0.51 0.21 5.00 
504 7.62 7.26 107.51 332.13 36.85 141.97 1.69 15.69 59.50 3.25 0.66 0.17 5.31 
505 15.56 5.82 29.03 408.68 9.67 45.34 2.07 15.29 61.08 4.19 0.78 0.37 6.26 
506 5.55 6.69 35.70 288.64 17.91 57.89 2.14 15.80 61.29 2.53 0.63 0.19 5.05 
P5 14.52 8.32 37.74 361.64 10.86 64.95 2.28 16.05 63.76 3.62 0.72 0.16 6.57 
601 -0.30 4.29 63.37 320.13 8.94 33.07 1.40 16.40 61.29 3.87 0.80 0.15 5.47 
602 8.15 5.72 21.09 112.44 11.14 31.45 1.25 15.91 65.60 3.88 0.55 0.11 4.25 
603 3.55 7.08 12.22 106.73 5.75 20.28 2.22 15.52 69.41 2.40 0.48 0.10 4.17 
612 12.44 5.92 23.43 282.18 7.39 23.39 1.61 14.45 59.77 4.37 0.57 0.16 6.45 
P6 15.20 5.86 108.34 602.86 22.47 118.60 2.28 14.83 64.88 3.08 0.86 0.16 6.53 
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3.4.3.  Interrelation between total heavy metals in river sediments 
 Multivariate correlation analysis was carried out based on portions of the XRF 
analysis results to analyze the interrelations between heavy metals and As. The 
correlation coefficients were displayed in Table 3.13. 
The scatter diagram Figure 3.14 revealed that there is strong correlation between 
Pb and As, and the correlation coefficient was up to about 0.9. However, the 
interrelation between other heavy metals (Zn and Cu, Zn and Pb, As and Cu, Pb and 
Cu)  were not so strong, and the correlation coefficients were around about 0.65. 
 
Fig. 3.14. Correlations between heavy metals and As in river sediments 
Table 3.13 correlation coefficients of heavy metals in river sediments 
 Al2O3 Cu Zn As Pb SiO2 
Al2O3 1.0000      
Cu -0.0415 1.0000     
Zn -0.0953 0.6127 1.0000    
As -0.0418 0.6660 0.5792 1.0000   
Pb -0.1851 0.6713 0.6813 0.8983 1.0000  
SiO2 -0.4032 -0.1557 0.0406 -0.0387 0.1135 1.0000 
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3.5.  BCR-sequential extraction of heavy metals in river sediments 
3.5.1. Sampling and experiments 
The sediment samples that taken in MAY 2013 were pretreated to homogenized 
power samples (particle size <0.075mm), as mentioned in 3.4. In order to assess the 
chemical forms of heavy metals in river sediments, modified BCR sequential 
extraction procedures have been applied. The modified BCR sequential extraction 
developed by Perez-Cid et al. (1998). Previous study has revealed some sources of 
uncertainty in application of the BCR three-stage sequential extraction procedure to 
sediments and has indicated modifications to the protocol (Rauret et al., 1999; Penilla 
et al., 2005; Zemberyova et al., 2006 ). The sequential extraction procedure is an 
operationally defined procedure in which the reagent used at each stage is intended to 
release metals associated with particular existing form (Table 3.14).  
 
T able 3.14 Modified BCR three-step sequential extraction procedures ( Zemberyova et al., 2006) 
 
 
 
 
Extraction 
step Reagent(s) Nominal target phase(s) 
1 CH3COOH (0.11 mol l−1) Soil solutions, carbonates, 
exchangeable metals 
2 NH2OH·HCl (0.5 mol l−1) Iron/manganese oxyhydroxides 
3 H2O2 (8.8 mol l−1) then 
CH3COONH4(1 mol l−1), pH 2 
Organic matter and sulfides 
Residual Aqua regia Remaining, non-silicate bound 
metals 
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Fig 3.15. Flow chart of the Sequential extraction experiments. 
 
In this study the sequential extraction added water extraction as Fraction Ⅰ, then 
following with the BCR three-step procedures, and finally came to the inverse aqua 
regia digestion of the residue. The experiment flow chart in this study included five 
procedures, was shown in Figure 3.15. 
Fraction Ⅰ.  40ml milli-Q-Water was added to 1 g of pretreated sediment 
samples in a PTFE vessel. The vessel was shaken for 16 h at 200 rmp, and then 
centrifuged at 4000rmp for 20 min by the centrifugal machine. The supernatant liquid 
was taken for analysis. The residue was washed with 20 ml milli-Q-water by shaking 
for 20 min, centrifuged and the washings discarded.  
Fraction Ⅱ.  To the residue from stepⅠ., 40ml of acetic (0.11mol/L) was added. 
The Vessel was shaken for 16h at 200rmp, and then centrifuged at 4000rmp for 15 
min by the centrifugal machine after shaking. The supernatant liquid was taken and 
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stored for analysis. After each step, the residue should be washed by Milli-Q-Water by 
shaking for 20 min, centrifuged and the washings discarded.  
Fraction Ⅲ. To the residue from step Ⅱ, 40ml of freshly prepared hydroxylamine 
hydrochloride (0.5 mol/L, PH at 2 which was adjusted by adding appropriate amount 
of HNO3). The extraction procedure was then performed as described above. 
Fraction Ⅳ. A 10 ml of Hydrogen peroxide (8.8mol/L) was added to the residue 
from step Ⅲ. The vessel was loosely covered with the watch glass and digested at 
room temperature for 1h with occasional manual shaking. Then digestion was 
continued by heating the vessel to about 85℃ in the water bath for 1h, and then 
reduced the volume to less than 3ml by further heating of uncovered vessel. A second 
10 ml of aliquot of hydrogen peroxide was added and the digestion procedure was 
repeated. 50 ml of ammonium acetate (1 mol/L, PH at 2 adjusted by HNO3) were 
added to the cool moist residue. The samples were then treated and separated ( while 
shaked and centrifuged ) as described in step Ⅱ. 
Fraction Ⅴ. The Pseudototal metal content was determined by digestion with 
inverse aqua regia. 0.5g of the pretreated sediment sample was weighed into the 
reaction beaker, 1ml of HCl and 3m l of HNO3 was added, heated to 90℃ with the 
watch glass covered; When the camellia color smog come out, heat up to 120℃ in 5 
minutes, and then heat up to 150℃ in the next 5 to 10 minutes; keep 150℃ for 2 h, 
then uncovered the watch glass and cool; add 2.5ml HNO3 in room temperature; 
nextly, add 10 times diluted HNO3 20ml by pipette when liquid all dry; cover the 
watch glass and heat for 1 h at 90℃; transfer the liquid into volumetric flask; repeat 
the previous two steps (adding the diluted HNO3, heating and transfer the liquid )three 
times; volume to 100ml by milli-Q-water; finally filter the liquid with filter paper 
NO.5A. 
The extraction targets of each step were water soluble fraction of heavy metals, 
exchangeable and weak acid soluble fraction of heavy metals, reducible fraction of 
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heavy metals, the oxidisable fraction of heavy metals and the primary sulfide minerals, 
respectively corresponding from Fraction Ⅰ to Fraction Ⅴ. The stability of heavy metal 
existing form increase whiles their bio-availability decrease from Fraction Ⅰ to 
Farction Ⅴ. 
 
3.5.2. Heavy metal fractions in sediments at monitoring points 
The sequential extracted samples in the above procedures were analyzed by 
ICP-MS. The results in each step were summarized in Table 3.15, Table 3.6, Table 
3.17 , Table 3.18 and Table 3.19. 
Water soluble heavy metals extracted from Water Extraction step stand for the 
water soluble fraction of heavy metals in sediment samples. Figure 3.16 show the 
results of Water Extraction at the monitoring points and the soluble heavy metal 
concentration in river water. The water extraction fraction of heavy metals was in the 
same order of magnitudes as the soluble heavy metal concentration in river water. It 
accounted a minute part of the total heavy metal content in river sediments 
comparison to that extracted from other steps. For heavy metal Zn, Pb, Cd and As, the 
water extraction fractions have the similar variation trend at different monitoring 
points (Figure 3.16), increasing from monitoring point P1 to P3 while decreasing from 
monitoring point P3 to P5, and then increasing in the downstream area. The variation 
trends of water extracted heavy metals in river sediments were quite different from 
that of the soluble heavy metals in river water, revealing that there was no obvious 
correlation between them. 
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Fig.3.16 Water soluble heavy metal concentrations in river water and sediments 
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Figure 3.17 shows the sequential extraction results for heavy metals in river 
sediments at the monitoring points. For BCR step one, the extraction target was the 
exchangeable and weak acid soluble heavy metals corresponding to the bio-available 
fraction of heavy metals in sediments. The extraction target of BCR step two was the 
reducible fraction of heavy metals while the extraction target of BCR step three was 
the oxidisable fraction of heavy metals in the sediment samples. The sum of the 
extraction targets in BCR step two and three corresponds to the 
bio-potential-available fraction of heavy metals in river sediments. This fraction can 
be changed to the bio-available part in some cases when the outside environment 
changes, that environmental variations in pH, ionic strength, and redox potential (Eh) 
may cause remobilization f these elements to the water ( Gleyzes et al., 2002; Jain et 
al., 2008) 
The residual fraction corresponds to the heavy metals occluded in nonsilicate 
mineral extracted during the finally step of the chemical extraction sequence by 
means of digestion with inverse aqua regia. The largest portion of the studied 
elements was encountered in association with this fraction, and is considered 
unavailable since its mobility to the aquatic medium is unlikely to occur. 
Figure 3.17 shows that bioavailable fraction of Zn, Cu and As increased in the 
downstream. However, there was no such tendency for that of Cd and Pb. It is 
imagined that the increased bioavailable part of Zn, Cu and As in the downstream 
might be caused by outside disturbance increasing from upstream to downstream. The 
contents of Cu and As in residue fraction accounted for a great proportion of the total 
amount, especially in the upstream area. It is revealed that Cu and As were difficult to 
release to environment. While Zn and Pb dissolved out large parts in the BCR steps 
compared to Cu, As and Cd, standing for the easier dissolution. 
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Fig. 3.17 Heavy metal fractions in different existing form in river sediments 
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Table 3.15 Heavy metal contents extracted by water (mg/kg) 
Sampling site Cr Mn Fe Co Ni Cu Zn As Cd Pb 
101 0.008 0.802 11.911 0.006 0.007 0.023 0.071 0.007 0.001 0.016 
102 0.008 0.831 13.450 0.005 0.007 0.044 0.097 0.006 0.002 0.018 
P1 0.009 0.524 16.976 0.006 0.007 0.019 0.101 0.002 0.001 0.019 
201 0.019 1.037 20.456 0.011 0.012 0.161 0.520 0.009 0.003 0.042 
202 0.008 1.177 8.302 0.017 0.022 0.092 0.149 0.009 0.003 0.011 
203 0.016 0.972 12.722 0.007 0.010 0.095 0.107 0.007 0.002 0.027 
204 0.013 0.454 20.027 0.006 0.009 0.062 0.264 0.019 0.001 0.036 
205 0.005 1.488 18.913 0.004 0.006 0.157 0.473 0.017 0.001 0.030 
P2 0.008 1.911 14.579 0.006 0.007 0.075 0.293 0.008 0.003 0.023 
301 0.027 0.612 32.667 0.011 0.025 0.039 0.116 0.057 0.001 0.020 
302 0.007 1.426 20.634 0.007 0.009 0.037 0.145 0.011 0.001 0.020 
303 0.005 0.824 16.420 0.006 0.008 0.045 0.205 0.015 0.002 0.024 
304 0.009 0.232 6.134 0.006 0.011 0.073 0.098 0.035 0.005 0.028 
P3 0.014 1.148 24.690 0.008 0.010 0.081 0.381 0.021 0.003 0.036 
401 0.001 1.486 17.133 0.000 0.003 0.141 1.356 0.012 0.001 0.102 
P4 0.009 0.950 15.650 0.002 0.005 0.090 0.307 0.016 0.001 0.024 
501 0.006 1.087 21.648 0.005 0.000 0.111 0.433 0.015 0.008 0.029 
503 0.001 1.193 15.245 0.002 0.000 0.289 0.463 0.026 0.000 0.094 
504 0.045 1.601 4.940 0.039 0.036 0.152 0.102 0.010 0.037 0.012 
505 0.017 1.752 11.302 0.016 0.017 0.015 0.272 0.007 0.018 0.009 
506 0.042 3.078 12.474 0.035 0.032 0.020 0.208 0.021 0.038 0.010 
P5 0.036 0.384 20.538 0.034 0.032 0.013 0.181 0.016 0.036 0.001 
601 0.037 0.702 24.409 0.032 0.033 0.086 0.602 0.012 0.034 0.010 
602 0.041 0.618 23.377 0.037 0.038 0.012 0.104 0.008 0.038 0.008 
603 0.044 0.553 29.341 0.039 0.035 0.008 0.109 0.025 0.040 0.027 
612 0.034 1.395 31.606 0.033 0.035 0.004 0.322 0.021 0.038 0.018 
P6 0.044 0.836 17.613 0.041 0.034 0.143 0.316 0.005 0.040 0.016 
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Table 3.16 Heavy metal contents extracted in Fraction Ⅱ (BCR-1) (mg/kg)  
Sampling site Cr Mn Fe Co Ni Cu Zn As Cd Pb 
           
101 0.15 0.25 180.31 2.47 0.86 1.66 19.64 0.02 0.39 2.57 
102 0.08 0.22 17.01 1.10 0.58 3.24 16.46 0.05 0.40 1.51 
P1 0.01 0.23 23.33 1.65 0.69 3.15 17.90 0.01 0.27 1.38 
201 0.07 0.24 19.34 2.44 0.68 17.15 76.21 0.03 0.88 2.46 
202 0.15 0.21 194.71 3.85 1.31 4.91 47.41 0.09 0.93 1.72 
203 0.21 0.23 117.23 2.38 0.97 8.28 39.26 0.08 0.77 3.61 
204 0.08 0.23 147.78 1.28 0.83 5.54 47.79 0.03 0.47 0.99 
205 0.08 0.21 42.05 1.11 0.65 27.41 176.75 0.06 0.99 0.36 
P2 0.18 0.21 96.37 1.47 0.47 13.36 58.94 0.06 0.52 1.65 
301 0.06 0.24 38.39 1.98 1.27 0.63 7.87 0.08 0.35 0.33 
302 0.01 0.25 17.95 0.60 0.85 1.41 18.31 0.00 0.31 0.02 
303 0.02 0.23 21.51 1.25 0.91 2.32 32.92 0.03 0.59 0.35 
304 0.82 0.23 133.82 1.12 2.68 9.75 64.89 0.05 0.89 2.55 
P3 0.03 0.24 23.81 0.72 0.55 5.99 50.42 0.01 0.44 0.39 
401 0.01 0.23 29.99 1.95 0.95 13.33 397.50 0.00 2.58 9.75 
P4 0.13 0.23 40.23 1.50 0.74 10.15 73.42 0.05 0.74 1.47 
501 0.24 0.24 60.08 1.75 1.00 13.57 108.11 0.27 1.00 2.61 
503 0.18 0.23 60.53 1.02 1.22 53.82 216.71 0.07 3.68 11.89 
504 0.04 0.20 102.29 2.61 0.71 14.81 91.62 0.19 2.95 6.69 
505 0.13 0.25 98.38 0.78 0.66 3.07 151.07 0.04 0.92 0.32 
506 0.05 0.24 194.29 1.60 1.03 1.74 94.33 0.08 1.04 2.71 
P5 0.08 0.27 1308.10 1.10 0.46 5.84 399.72 0.40 0.68 12.48 
601 0.00 0.27 29.20 1.00 0.21 7.86 76.08 0.03 1.06 0.54 
602 0.02 0.27 47.85 0.77 0.22 1.72 10.87 0.09 0.52 0.02 
603 0.06 0.27 21.99 0.86 0.39 0.25 8.24 0.00 0.25 0.21 
612 0.17 0.27 217.41 0.70 0.32 2.58 76.37 0.04 0.36 0.31 
P6 0.15 0.26 1731.46 2.02 1.48 15.43 469.99 0.68 1.46 18.27 
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Table 3.17 Heavy metal contents extracted in Fraction Ⅲ (BCR-2) (mg/kg) 
Sampling site Cr Mn Fe Co Ni Cu Zn As Cd Pb 
101 0.91 0.23 7.54 2.29 0.92 1.81 22.05 0.37 0.09 14.16 
102 0.52 0.22 1347.05 1.47 0.76 5.50 18.72 0.29 0.09 12.99 
P1 0.70 0.21 1908.78 1.97 0.78 3.13 16.30 0.12 0.11 9.63 
201 0.81 0.22 1403.25 2.46 0.75 13.91 49.60 0.94 0.19 18.59 
202 0.90 0.21 8.46 1.63 0.90 3.15 39.17 0.59 0.19 23.91 
203 1.52 0.22 973.56 1.75 1.27 7.70 27.85 0.48 0.15 36.07 
204 0.74 19.99 809.64 1.04 0.76 6.75 41.61 0.81 0.11 15.70 
205 0.46 0.21 8.26 4.61 0.76 26.16 116.48 1.32 0.35 28.37 
P2 0.98 0.20 8.81 0.96 0.70 13.60 56.61 0.92 0.11 20.19 
301 2.46 0.20 9.03 2.89 3.50 3.43 17.26 2.69 0.15 15.37 
302 0.32 0.22 832.88 2.14 1.03 2.74 18.52 0.76 0.10 7.44 
303 0.50 0.22 834.44 1.83 0.73 3.88 22.62 0.76 0.16 15.33 
304 2.51 0.22 7.89 1.19 2.23 10.97 49.83 2.01 0.19 39.02 
P3 0.74 0.23 807.17 1.66 0.87 7.71 39.24 1.27 0.11 12.48 
401 0.30 0.23 7.43 1.74 0.69 14.14 226.56 1.51 0.47 28.05 
P4 1.21 0.21 8.66 1.79 1.32 12.78 76.17 1.90 0.19 33.66 
501 1.20 0.21 8.47 1.69 1.34 15.15 92.12 2.62 0.24 39.09 
503 2.56 0.23 7.60 1.61 1.44 41.74 147.33 1.74 0.65 67.80 
504 2.36 0.22 8.14 1.49 1.67 15.03 74.37 4.30 0.60 15.01 
505 0.71 0.22 7.88 2.74 1.56 4.67 82.63 1.48 0.27 21.37 
506 0.25 0.21 8.38 0.70 0.61 2.83 62.01 1.37 0.27 41.56 
P5 0.37 39.56 8.13 1.24 0.71 8.66 159.91 1.32 0.17 41.94 
601 0.23 0.21 876.57 1.09 0.30 10.99 50.74 0.95 0.21 18.22 
602 0.25 0.21 965.39 0.73 0.33 3.31 14.69 2.26 0.18 20.78 
603 0.11 0.21 8.35 0.91 0.41 1.56 13.96 0.28 0.09 9.33 
612 0.84 0.23 7.73 1.28 0.62 3.79 71.02 1.69 0.12 12.23 
P6 0.60 49.37 8.14 1.15 1.17 18.90 221.82 3.89 0.28 10.01 
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Table 3.18 Table 3.17 Heavy metal contents extracted in Fraction Ⅳ (BCR-3) (mg/kg) 
Sampling site Cr Mn Fe Co Ni Cu Zn As Cd Pb 
101 4.08 25.26 614.01 0.85 0.72 4.48 26.50 0.18 0.07 1.85 
102 3.82 20.70 440.29 0.44 0.64 1.85 11.08 0.18 0.06 1.45 
P1 4.28 20.46 409.89 0.56 0.82 0.74 15.61 0.12 0.04 1.54 
201 4.62 18.47 491.89 0.54 0.88 9.15 64.20 0.26 0.06 1.89 
202 5.30 30.53 1326.44 0.70 0.88 7.16 25.82 0.39 0.07 3.44 
203 5.25 21.93 807.55 0.54 1.11 11.74 17.00 0.28 0.06 5.35 
204 3.49 13.48 375.38 0.35 0.53 2.12 22.73 0.22 0.06 2.20 
205 3.54 23.56 597.22 0.39 0.43 13.78 41.21 0.40 0.06 3.80 
P2 3.75 13.70 401.32 0.30 0.49 4.89 37.81 0.32 0.07 2.14 
301 4.63 24.88 490.44 0.77 2.14 0.68 7.04 0.37 0.04 2.71 
302 3.19 19.78 348.58 0.35 0.51 0.81 9.28 0.21 0.03 1.20 
303 3.29 13.75 438.09 0.24 0.46 1.83 13.08 0.43 0.06 3.00 
304 4.98 14.80 743.15 0.42 1.75 10.15 24.05 0.73 0.19 5.50 
P3 3.54 14.51 292.77 0.28 0.50 1.88 18.43 0.27 0.04 2.72 
401 3.47 19.89 458.23 0.24 0.57 9.12 112.16 0.41 0.14 8.93 
P4 4.11 21.04 443.59 0.44 0.80 4.55 34.54 0.50 0.12 3.91 
501 4.07 18.18 508.42 0.45 0.82 8.00 39.59 0.48 0.11 4.57 
503 4.69 18.37 467.36 0.35 0.93 22.57 49.88 0.46 0.31 7.89 
504 4.16 19.14 984.88 0.39 0.53 33.03 35.76 1.01 0.16 16.96 
505 3.86 18.42 582.94 0.27 0.58 3.22 29.58 0.55 0.13 4.37 
506 3.66 21.39 1001.76 0.31 0.64 7.53 27.56 0.46 0.08 9.21 
P5 3.19 12.93 344.02 0.49 0.46 11.23 18.60 0.34 0.09 11.40 
601 3.21 10.04 468.41 0.22 0.25 11.15 23.77 0.46 0.06 3.94 
602 3.50 12.46 495.88 0.23 0.30 3.44 11.21 0.74 0.08 4.49 
603 3.17 16.68 471.25 0.25 0.47 0.59 7.23 0.19 0.05 2.49 
612 3.53 12.32 710.12 0.28 0.40 2.20 16.10 0.42 0.06 2.84 
P6 3.83 13.08 489.31 0.39 0.81 32.37 48.23 0.57 0.19 14.17 
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Table 3.19 Table 3.17 Heavy metal contents extracted in Fraction Ⅴ (inverse aqua 
regia extraction) (mg/kg) 
Sampling site Cr Fe Co Ni Cu Zn As Cd Pb 
101 2.13  2.09  0.63  0.77  41.47  128.21  18..44  1.26  35..42  
102 100.59  235.79  39.79  53.53  153.32  271.29  20.62  2.32  38.14  
P1 255.95  178.88  52.11  96.61  123.05  527.73  27.51  2.06  33.12  
201 200.35  218.24  60.24  85.44  347.14  999.42  37.86  1.86  65.79  
202 143.60  191.96  41.78  58.55  177.99  711.68  34.19  1.94  51.81  
203 169.46  175.23  48.19  82.56  271.83  569.46  20.35  2.41  71.66  
204 92.49  141.25  34.65  45.70  151.60  560.49  29.60  4.04  80.05  
205 60.92  132.83  28.66  35.98  238.11  1044.40  96.55  3.88  90.34  
P2 88.42  175.54  31.53  44.67  239.85  957.16  63.77  2.77  74.99  
301 92.37  177.09  34.30  77.59  99.02  426.85  57.36  2.60  33.99  
302 74.61  181.86  39.02  53.45  110.32  631.38  23.28  2.44  36.87  
303 28.70  166.72  21.15  22.97  91.90  598.20  20.61  3.61  49.00  
304 61.73  143.86  28.86  44.61  158.65  560.00  35.01  2.63  74.69  
P3 52.01  162.14  26.49  33.30  108.43  493.13  25.02  3.75  42.85  
401 33.51  154.63  18.42  22.78  143.90  1286.00  33.66  3.84  118.25  
P4 69.42  170.70  27.37  40.24  160.99  640.78  41.25  2.41  61.24  
501 80.60  138.26  30.58  46.79  193.88  809.40  44.63  3.47  75.25  
503 71.83  130.69  16.09  36.52  305.14  869.71  30.35  5.04  98.44  
504 19.75  111.43  14.49  15.14  109.87  387.97  20.61  3.95  56.53  
505 50.09  150.49  24.07  26.46  116.88  726.92  24.74  3.35  153.56  
506 34.39  133.12  17.41  23.95  107.88  630.19  39.53  3.61  83.48  
P5 54.05  132.18  35.39  35.96  158.01  704.26  34.76  4.06  82.16  
601 29.90  130.12  25.46  20.10  142.92  600.42  15.11  4.07  43.74  
602 28.10  129.01  21.19  18.71  68.17  337.88  24.65  4.25  26.72  
603 22.81  126.32  14.04  19.13  44.11  337.66  15.86  3.78  26.16  
612 42.87  129.59  22.70  24.43  81.45  528.02  21.01  4.45  49.83  
P6 49.74  113.40  31.76  30.38  257.48  907.96  20.85  3.78  98.71  
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3.5.3. Potential heavy metal pollution hazard 
The comprehensive influence of the bio-available fraction and 
bio-potential-available fraction of heavy metals indicates the potential 
ecotoxicological risk related to the presence of heavy metals in river sediments, which 
are sensitive to outside environmental changes. Figures from Figure 3.18 (a) to Figure 
3.18(e) show the potential heavy metal pollutions in the Kosaka watershed. Obvious 
spatial distribution differences of heavy metal pollution risk can be indicated in these 
figures. The natural background variations of heavy metal pools in different 
sub-watershed polygons could be revealed，by the means of the heavy metal contents 
extracted by the digestion with inverse aqua rigia which corresponding to the sum of 
the bio-available part, the bio-potential-part and the bio-unavailable part of the heavy 
metals shown in Figure 3.18. 
Figure 3.18 (a) shows the Zn pollution risk in the Kosaka watershed, including 
several high pollution risk peak points, polygon 201, polygon 205, polygon 401, 
polygon 503, monitoring points P5 and P6. In these special sampling sites, Zn had an 
extremely large amount of bio-availabe fraction (extracted by Fraction Ⅰ and Ⅱ)and 
bio-potentail-available fraction (extracted by Fraction Ⅲ and Ⅳ). High Potential Zn 
pollution risk may caused by the high geological background, since the total contents 
of Zn in these sampling sits were as well extremely large. Besides, the high pollution 
risk also might be affected by strong disturbance from external factors, in that，the 
proportion that bio-availabe fraction and bio-potentail-available fraction account for 
the total Zn content was quite different in spatial. 
For heavy metal Cu, there were also several pollution risk peak points, in 
polygon 201, polygon 205, polygon 503 and monitoring point P6. The fraction that 
bio-availabe fraction plus bio-potentail-available fraction mostly reflect the heavy 
metal pollutin risk, accounted for a relatively smaller proportion of the total Cu 
content in Kosaka area compared with Zn. It is revealed that Cu is not so easy to 
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release to the environment as Zn. This phenomenon could explain that there was the 
serious Zn pollution in the study area while Cu is safe for human being comprising 
with the Environmental quality Standard for surface water in Japan. 
The pollution risk of As in the study area was slight, since the bio-available 
fraction and bio-potential fraction of As was extremely low compared with the total 
content of As. As was difficult to dissolve out and transfer to the aquatic environment. 
The pollution risk of heavy metal Pb was relatively high, because of that the sum 
of bio-available fraction and bio-potential fraction accounted for a large proportion of 
the total Pb content. The extremely large proportion of bio-potential-available Pb 
means the high ecotoxicologiacl risk. Once the outside environment changes, the 
reducible and oxidizable Pb in this part would easily release to the aquatic 
environment. 
For heavy metal Cd, the bio-available fraction accounted for a large proportion 
of the total Cd while the bio-potential-available fraction accounted for relatively small 
proportion of the total Cd. It is revealed that Cd was dangerous for biology in the 
study area, since the safety limit value for human item in surface water is 10μg/kg 
provided by the Environmental quality standards of human item in Japan. However, 
the potential risk was not severe, corresponding to the mall the bio-potential-available 
part of Cd. 
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Fig. 3.18 (a) Zn pollution risk in the study area 
 
Fig. 3.18 (b) Cu pollution risk in the study area 
 
Fig. 3.18 (c) As pollution risk in the study area 
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Fig. 3.18 (d) Pb pollution risk in the study area 
 
Fig. 3.18 (e) Cd pollution risk in the study area 
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3.5.4. Component analysis of river sediments 
In Figure 3.19, Zn content in river water is relatively high, only lower than iron. 
Zn extracted by water in the sediments in slight, the change trend among different 
monitoring points is similar to that in river water. Fraction 2 corresponds to the 
amount of heavy metal that would be released into the environment if conditions 
became more acidic. Zn accounted for a large proportion in this fraction. 
Iron oxides were the primary components in Fraction 4, accompanied by Zn. 
Reducible fraction of heavy metal represents the contents of metal bound to iron and 
manganese oxides that would be released if the substrate was subject to more 
reductive conditions. Zn also plays an important component in this fraction, especially 
in the downstream.  
Oxidable fraction shows the amount of metal bound to the organic matter and 
sulfurs which would be released into the environment if conditions became oxidative. 
Zn still takes a relatively large proportion in this fraction, rank only second to iron. 
The residual fraction of metals is bound with the strongest association to the 
crystalline structures of the minerals. It is always not easy to separate them from 
material extracted. There are large proportions of Zn existing in this part.  
The potential risk of Zn in the study area is relatively high, on account of the 
high Zn percentages in each fraction. The considerable enrichment of Zn in the study 
could be revealed, consistent with that the study area was an important mining district 
for Zn-Pb-Cu-Au-Ag massive sulphide deposits that formed on the seafloor. 
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Fig. 3.19 Percentages of elements in each fraction  
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3.6. Conclusion 
The heavy metal behaviors both in river water and river sediments were analyzed 
in this chapter. Several conclusions were obtained. 
 
The water quality was bound up with the location of the monitoring points both 
in the high water season and low water season. Spatial variations of heavy metal 
concentrations were recognized. The larger water flow rate in high water season 
effectively diluted the pollutants, since the heavy metal concentration in low water 
season is larger than in high water season. High heavy metal concentration peaks 
show relation with the mine site location. 
 
The heavy metal concentrations of bulk sample were larger than those in the 
filtered samples, and the differences were more remarkable in rainy day. The 
extremely high heavy metal contents in bulk samples occurred in polygon 205, 
polygon 601 and polygon 612. The tiny geological particles of surface land in 
Polygon 205, polygon 601 and polygon 612 were easily migrated by rain water wash.  
 
Heavy metal concentrations in low water season were larger than those in high 
water season by and large. While heavy metal concentrations in rainy day were even 
larger than the average values in low water season.  
 
Heavy metal Cd has strong correlation with both Zn and Cu in river water while 
there was strong correlation between heavy metal Zn and Pb in river water.  
 
Total heavy metal contents show obvious spatial variations. There is strong 
correlation between Pb and As in river sediments. However, the interrelations between 
other heavy metals were weak. 
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Bioavailable of Zn, Cu and As increased in the downstream. The contents of Cu 
and As in residue fraction accounted for a great proportion of the total amount, 
revealing that Cu and As were difficult to release to environment. While Zn and Pb 
dissolved out large parts in the BCR steps compared to Cu, As and Cd, indicating the 
easier dissolution. 
 
The pollution risks of heavy metals show strong variation in time and space. The 
potential risk of Zn in the study area was relatively high. Cu was not so easy to release 
to the environment as Zn, and safer for human being. The pollution risk of As in the 
study area was slight, and As was difficult to dissolve out and transfer to the aquatic 
environment. The pollution risk of heavy metal Pb was relatively high, because of the 
extremely large proportion of bio-potential-available Pb. Cd show environmental risk 
for biology in the study area, however，the potential risk was not severe. 
 
The high potential risk of Zn in the study area was on account of the high Zn 
percentages in each fraction. The considerable enrichment of Zn in the study was 
revealed, consistent with that the study area was mining district area for 
Zn-Pb-Cu-Au-Ag massive sulphide deposits. 
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4. SOURCE ANALYSIS OF HEAVY METALS IN RIVER WATER 
4.1. Introduction 
Contaminants can travel from a variety of sources through multiple pathways 
into nearby stream channels. Scientific assessments of the origin of a non-point source 
contaminant can be difficult because the source usually is dispersed throughout a 
landscape. The type and severity of these non-point pollution sources often are 
directly related to human activity, which can be quantified in terms of the intensity 
and type of land use and the associated densities of humans and livestock in the 
source areas of water to streams. Land use decisions can have significant impacts on 
water quality. Development decisions often lead to more intensive land use and a 
related increase in the generation of pollutants in the watershed. This results in the 
decreased water quality.  
Previous research on the physicochemical quality of water bodies and its 
relationship to land use within Castilla, La Manacha, Spain concluded that 
agricultural fertilize runoff and urban wastewater discharge are major contributors to 
river contamination (Moreno et al., 2006). Stefanie et al., (2009) analyzed the 
influence of land use on water quality and macro invertebrate biotic indices in rivers 
within Castilla-La Mancha. Human land use affects the geological and biological 
redistribution of heavy metal through pollution of the air, water and soil which could 
lead to heavy metals toxicity by allowing it to bioaccumulate in plants, animals and 
soils (Goyer et al., 1996). There is a relationship between human land use and 
environmental concentrations of heavy metals in urban soils which usually associated 
with the impact of urbanization on land use pattern. Charkhabi et al., (2008) analyzed 
the land use effects on heavy metal pollution of river sediments in Guilan, Southwest 
of the Caspian Sea applying the multivariate statistical analysis methods. Many 
publications have explored the utility of Geographic Information System (GIS) to 
approximate the regional causes of water pollution (Basnyat et al., 1999; Basnyat et 
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al., 2000, Griffithe, 2002). In such studies, water quality pollution data is placed in a 
geographic context to see what generalizations can be made about the impact of 
regional land use practices on water quality. These methods are particularly useful in 
evaluating the cause of non-point source pollution where the sources of pollution area 
diffuse and dependent on the heath of an entire watershed. 
The main natural sources of metals in waters are chemical weathering of 
minerals and soil leaching. The correlation analysis between heavy metals in river 
water and river sediments can indicate the how much the heavy metals come from 
natural geological materials，since a large portion of elements in sediments are likely 
to release back into the water column. 
Multivariate statistical techniques are useful for analysis and interpretation of 
complex data sets. The application of multivariable statistical methods offers a better 
understanding of river water quality for identification of pollution sources/factors, and 
understanding temporal/spatial variations in river water quality. The multivariate 
statistical techniques, cluster analysis (CA) and principal component analysis (PCA) 
were carried out in this study. 
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4.2. Land use effects for heavy metals in river water 
The water quality reflects not only its origin but also what it encounters along its 
flow path. One of the most challenging works of water management is to identify the 
main anthropogenic pollution sources and to assess their downstream environmental 
impacts (Peter and Adeniyi, 2011). Human land use affects the natural geological and 
biological redistribution of heavy metals through pollution of air, water and soil which 
could lead to heavy metals toxicity by allowing it to bio-accumulate in plants, animals 
and soils (Stefanie et al., 2009) 
Combining previously analyzed heavy metal concentration data, land sue 
coverage and watershed boundaries in a GIS interface, the correlation analysis was 
carried out to see what connections between land use and heavy metal concentration 
in river water can be demonstrated for the Kosaka watershed, to checkout whether and 
how regional water quality were impacted by land use; and to probe into features of 
the non-point pollution sources in Kosaka watershed. 
Land use status can have significant impacts on water quality (Lenat et al., 1994; 
Charkhabi et al., 2008; Gyawali et al., 2004). The alteration of land use would leads to 
changes in the way where water is transported and stored, and then on this way affects 
the water quality (Lenat et al., 1994; Kroll et al., 2009). The scatter diagrams of heavy 
metal concentration and land use percentage of each land use type were plotted 
(Figure 4.1)， to find out the correlation between heavy metal pollution and land use 
in the Kosaka watershed area. However, there was no obvious correlation between 
them. 
Similarly，with the objective to determine the influence of land use on heavy 
metal pollutions within Kosaka watershed, the correlation analysis of Aquatic Heavy 
Metal Pollution and Land use was carried out by calculating the Pearson’s correlation 
coefficient between the heavy metal concentrations (in Nov 2012) and land use 
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percentage of each land use type within a sub-polygon. The results were summarized 
in Table 4.1.  
The Pearson’s correlation coefficients between heavy metal concentrations and 
forest percentage in the sub-watershed polygons were negative while positive between 
heavy metal concentrations and the percentage of other land use types. Forests have a 
negative effect on the increase of heavy metal concentrations. Since the study area 
was mostly covered with forest, the land use intensity was relatively low. Furthermore, 
the low land use intensity corresponds to the low human activity disturbance. So it is 
concluded that the effects from land use to river water quality is slight in study area.  
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Table 4.1 Pearson’s correlation coefficients between heavy metal concentration and land use structure 
 
Forest Paddy field Barren land Other agriculture land, Construction land Water body Others Land for transport 
Zn -0.456 0.030 0.658 -0.047 0.083 0.115 -0.040 0.220 
Cu -0.635 0.226 0.557 0.262 0.598 0.198 0.499 0.428 
Pb -0.526 0.206 0.607 0.177 0.148 0.007 -0.029 0.210 
Cd -0.524 0.150 0.652 0.053 0.189 0.114 0.034 0.267 
As -0.241 0.608 0.000 0.321 0.205 0.157 0.256 -0.014 
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Fig.4.1. Scatter plot of the correlation between heavy metal concentration and land use structure 
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Fig.4.1. Scatter plot of the correlation between heavy metal concentration and land use structure (continued) 
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Fig.4.1. Scatter plot of the correlation between heavy metal concentration and land use structure (continued) 
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Fig.4.1. Scatter plot of the correlation between heavy metal concentration and land use structure 
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4.3. Correlations between heavy metals in river water and sediments 
Multivariate correlation analysis were applied to clear out the interrelations 
between heavy metals in river water and heavy metals of different existing form in 
river sediments. The heavy metal concentration data of filtered water samples and 
bulk samples in May 2013 was performed (Table 3.5). The results of sequential 
extraction for heavy metals in river sediments data were also employed (Table 3.16, 
Table 3.17 and Table 3.18). The results of multivariate correlation analysis were 
summarized in Table 4.2.  
The heavy metal, Zn, in filtered water samples strongly correlated with that in 
bulk water samples, with an extremely large correlation coefficient of 0.99. The heavy 
metal Zn in filtered water samples as well correlated with other Zn contents in 
different fractions, especially with Zn in Fraction 4 (the oxidisable Zn in river 
sediments). It is revealed that dissolution of solid matter have a greater impact on Zn 
concentration in river water. There was strong correlation between total Zn analyzed 
by XRF and Zn of existing from (Water, Bulk, Frac.2, Frac.3 and Frac.4), shown in 
Fiure 4.2. Particularly for Fraction 4, the correlation coefficient between Fraction 4 
and total Zn analyzed by XRF was up to 0.94. The total Zn analyzed by XRF stands 
for the natural background total level in the study area. Zn content in river water agree 
with that in other existing forms，depend on the natural geological background. It is 
conclude that Zn in river water is largely derived from natural precipitation but human 
drainages in the whole study area. 
The interrelations among Cu concentrations in different existing form turned to 
be obvious, especially for the correlation between Cu in Fraction 2 and in Fraction 3 
(Figure 4.3). Cu concentrations in different existing form were largely depending on 
the local geological background, on account of their strong correlation s with the total 
Cu content analyzed by XRF. Cu concentration in river water strongly correlated with 
that in Fraction 2, strongly correlated with Cu concentration in Fraction 2 secondly， 
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and correlated with Cu concentration in Fraction 3 thirdly. It is revealed that Cu 
concentrations in river water were influenced by the amount of Cu that naturally 
dissolved out. 
For heavy metal Pb, the strong correlations only occurred between the 
concentrations in filtered river water and unfiltered bulk samples，and between the 
concentrations in Fraction 4 and total Pb content (Figure 4.4). The influence to Pb 
concentration in river water from the amount of Pb release in different existing form 
was weaker than that of Zn and Cu. 
The interrelations of As concentrations in different existing form were similar to 
the heavy metal Pb, with relatively small correlation coefficients (Figure 4.5 and 
Table 4.2).  
Strong correlation happens between Fraction 4 and XRF analyzed total content 
for all the heavy metals and As (Figure 4.2, Figure 4.3, Figure 4.4 and Figure 4.5). It 
is revealed that the Oxidisable heavy metals are important component of the 
geological solid materials in the study area. 
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Table 4.2 Interrelation of heavy metals in different existing form in river water and 
sediments 
Zn  Water  Bulk  Frac.2 Frac.3  Frac.4  XRF  
Water  1.0000  
     
Bulk  0.9885  1.0000  
    
Frac.2  0.5655  0.5692  1.0000  
   
Frac.3  0.6615  0.6623  0.9659  1.0000  
  
Frac.4  0.8448  0.8417  0.6198  0.7354  1.0000  
 
XRF  0.8142  0.8224  0.7765  0.8699  0.9408  1.0000  
As  Water  Bulk  Frac.2  Frac.3  Frac.4  XRF  
Water  1.0000  
     
Bulk  0.7649  1.0000  
    
Frac.2  0.2013  0.6791  1.0000  
   
Frac.3  0.4305  0.6214  0.6104  1.0000  
  
Frac.4  0.5204  0.5220  0.3144  0.8071  1.0000  
 
XRF  0.0552  0.2143  0.3772  0.7430  0.7030  1.0000  
Pb  Water  Bulk  Frac.2  Frac.3  Frac.4  XRF  
Water  1.0000       
Bulk  0.8034  1.0000      
Frac.2  0.4187  0.5553  1.0000     
Frac.3  0.2867  0.3908  0.3718  1.0000    
Frac.4  0.4674  0.5876  0.7658  0.1810  1.0000   
XRF  0.6078  0.6574  0.7435  0.2491  0.8988  1.0000  
Cu  Water  Bulk  Frac.2  Frac.3  Frac.4  XRF  
Water  1.0000       
Bulk  0.9174  1.0000      
Frac.2  0.9130  0.8579  1.0000     
Frac.3  0.8983  0.8838  0.9796  1.0000    
Frac.4  0.5853  0.5613  0.6011  0.6576  1.0000   
XRF  0.8493  0.7794  0.9532  0.9376  0.7305  1.0000  
Water means the heavy metal concentrations in water samples filtered by 0.2μm filter; Bulk means the heavy metal 
concentrations in bulk samples; Frac.2 means fraction 2, corresponding to heavy metal contents extracted in river 
sediments by BCR step 1; Frac.3 means fraction 3, corresponding to heavy metal contents extracted in river 
sediments by BCR step 2; Frac.4 means fraction 4, corresponding to heavy metal contents extracted in river 
sediments by BCR step 3; XRF stands for the total heavy metal content in river sediments analyzed by XRF. 
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Fig. 4.2 Interrelation of Zn in different existing form in river water and sediments 
 
Fig. 4.3 Interrelation of Cu in different existing form in river water and sediments 
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Fig. 4.4 Interrelation of Pb in different existing form in river water and sediments 
 
Fig. 4.5 Interrelation of As in different existing form in river water and sediments 
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4.4. Multivariable statistics analysis of heavy metal behaviors 
4.4.1. Principal component analysis 
Principal component analysis (PCA) is designed to transform the original 
variables into new, uncorrelated variables (axes), named the principal components that 
linear combinations of the original variables (Shrestha and Kazama, 2007). Principal 
Component Analysis can be used for dimensionality reduction in a data set by 
retaining those characteristics of the data set that contribute most to its variance, by 
keeping lower order principal components and ignoring higher order ones. PCA is 
used to reduce the dimensionality of the data set by explaining the correlation among 
a large set of variables in terms of a small number of underlying factors or principal 
components without losing much information (Mishra, 2010) ，  providing an 
objective way of finding indices so that the variation in the data can be accounted for 
as concisely as possible (Sarbu et al., 2005). It is very useful in the analysis of data 
corresponding to large number of variables，be widely used as they are unbiased 
methods which can indicate associations between samples and variables (Wenning 
and Erickson, 1994).  
Principal Component Analysis was performed in this study for the interpretation 
and extraction the parameters that are most important in assessing variations in river 
water quality. PCA was performed on the data of soluble metal concentrations in Apr 
2012 and total contents of metals in river sediments. The results were show in Figure 
4.8 and Figure 4.9 separately. 
Three principal factors from the PCA were retained because their eigenvalues 
exceeded the commonly used threshold value of unity, the three factors accounted for 
86% of the total variance in the heavy metal concentration data in river water (Figure 
4.6, Table 4.3). Factor 1 was loaded with majority of the elements analyzed, namely 
Zn, Cd, Pb, Fe, As and Mg; this factor accounted for 43.7% of the total variance. 
Factor 2 had strong loading of Cu, Al, Zn and Cd, and it account for 24.1% of the total 
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variance. Factor 3 only had strong loading of Li and Ca, 18.8%. Zn and Pb were 
strongly assosiated with Factor1, which also load with rock-forming elements Fe, Mg 
that may originate from the mother geological material. So I named this Factor 1 as 
Zn-Pb factor, and this factor might indicate the natural influence of geological 
background to heavy metals in rivers. While Factor 2 loaded with Cu, Zn, Al and Cd, 
were isolated with rock-forming elements, so this factor may indicates outside 
disturbance.  
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Fig.4.6 Result of the PCA analysis for metals in river water 
 
Table 4.3 Component matrixes (three factors selected) for metals in river water 
 Factor 1 Factor 2 Factor 3 
Li  0.063587 0.038056 0.970109 
Cu  0.033562 0.915873 0.275652 
Al  0.025902 0.635039 -0.045912 
Zn  0.852969 0.475673 0.073821 
Cd  0.547307 0.791778 0.056458 
Pb  0.951532 0.159593 -0.192589 
Fe  0.767212 0.099758 -0.028698 
As  0.353356 -0.106683 0.018671 
Mg  0.871716 0.233078 0.229656 
Ca  -0.030023 0.124019 0.978166 
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The results of PCA for the metal content data in river sediments are reported in 
Figure 4.7 and Table 4.4. According to the results of the initial eigenvalues, four 
factors from the PCA were retained when their eigenvalues >1, the four factors totally 
accounted for 90% of the total variance in the data. Factor 1 was loaded with majority 
of the elements analyzed, namely Zn, Cu, Pb, As, SiO2 and CaO; this factor accounted 
for 37.3% of the total variance. Factor 2 had strong loading of Cu，Zn, Fe2O3，SiO2，
CaO and MgO, accounting for 24.7% of the total variance. However, Pb and As have 
no relation with factor 2. The other two factors were only loaded with silica oxide, 
and account for 28% in total. Zn and Cu were found to be associated with iron oxide 
and silica oxide, which are rock-forming elements; this part may originate from the 
mother geological materials that rich in Iron and silica oxide. While Pb-As-Zn-Cu 
was have strong association with factor1. This Factor1 did not load with iron and Al 
oxide, probably indicating a different geological characteristic from Factor 2. 
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Fig.4.7 Result of the PCA analysis for elements in river sediments 
 
Table 4.4 Component matrixes (four factors selected) for elements in river sediments 
 Factor 1 Factor 2 Factor 3 Factor 4 
Pb 0.919951 0.170243 -0.106289 0.083957 
As 0.875745 0.199556 0.068939 0.209927 
Zn 0.754789 0.314336 -0.126189 -0.061902 
Cu 0.731283 0.434229 -0.042267 0.149719 
Fe2O3 -0.046862 0.668827 0.009740 -0.680451 
SiO2 -0.598163 0.660580 -0.360835 0.150121 
Al2O3 -0.213811 0.270190 0.752568 0.467784 
CaO 0.440279 -0.591242 0.451995 -0.458580 
MgO 0.188570 -0.751012 -0.476829 0.190841 
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4.4.2. Cluster analysis 
Cluster analysis (CA) is an unsupervised pattern recognition technique that can 
reveal the intrinsic structure of a data set without making a priori assumptions about 
the data to classify the objects of a system into categories of clusters based on their 
nearness or similarity (Vega et al., 1998), whose primary purpose is to assemble 
objects based on the characteristics they possess (Shrestha and Kazama, 2007). 
Hierarchical clustering is the most common approach, in which clusters are formed 
sequentially by starting with the most similar pair objects and forming higher clusters 
in a step-by-step fashion (Varol et al., 2012). The Euclidean distance usually gives the 
similarity between two samples and a distance can be represented by the difference 
between analytical values from the samples (Otto, 1998).  
In this study, CA was applied to the tributary water quality data for grouping the 
similar sampling sites，to detect the similarity groups between the sub-watershed 
polygons.. The concentrations of metals and As in tributary water (Apr 2012) was 
adopted, including the metals Zn, Cu, Cd, Pb, Fe, As, Mg, Ca, Li, Al (Table 3.4). 
Spatial CA rendered a dendrogram (Figure 4.8), where 18 tributary 
sub-watershed polygons were grouped into three statistically significant clusters, 
corresponding to the low to high pollutant load level.  
The cluster 1 consisted of ten sub-watershed polygons (101,102, 201, 203, 301, 
303, 503, 505, 506, and 603), corresponds to relatively less polluted sites. In cluster 1, 
four sites (101,102, 201, and 203) are situated at the upstream sites, which have less 
human disturbances. The cluster classifications varied with significance level because 
the sites in these cluster had similar characteristic features and natural backgrounds 
that were affected by similar sources. The cluster 3 (polygon 205, 504, 601, 612, 401) 
corresponds to sampling sites with the highest heavy metal concentrations. The 
polygons in cluster 3 have the same characteristic that the abandoned mines can be 
found in the upstream area of these polygons (Figure 4.9). This indicated that there is 
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a strong correlation between heavy metal concentration and the proximity of sampling 
sites to the abandoned mines. For cluster 2 (polygon 304, 602, 302), there are no 
mines or other industry facilities within the polygons, also the area scales of 
construction land there were extremely low. The relatively higher heavy metal 
concentration may caused by the geological features with natural enrichments in 
heavy metals.  
 
Fig.4.8 Dendrogram showing hierarchical clustering of sampling sites according 
Ward’s method with Euclidean distance 
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Fig. 4.9 Spatial location of sub-watershed polygons in cluster 3 
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4.5. Conclusions 
The main objective of this chapter was to analyze the influence factors that 
affecting river water quality, to clear out the heavy metal pollution sources of river 
water in the Kosaka watershed. The correlation analysis between heavy metal 
concentrations and land use structure carried out. Interrelations for heavy metals of 
different existing form both in river water and sediments were analyzed. Besides, the 
multivariable statistics were also employed for the interpretation of metal content 
parameters in river water and sediments. The conclusions were displayed as follows. 
 
The effects from land use to river water quality were slight in study area, since 
there was no obvious correlations between heavy concentration in river water and 
land use structure. 
 
Zn and Cu in river water were largely derived from natural precipitation but 
human drainages. Since there are strong correlations between the concentrations in 
river water and concentrations indifferent existing form of river sediments.  
 
PCA retained three factors for heavy metals in river water, Factor 1 named as 
Zn-Pb factor, indicating the natural influence of geological background to heavy 
metals in rivers. The Cu-fators indicates outside disturbance. 
 
 PCA retained four factors for heavy metals in river sediments. Factor 1 and 
Factor 2 indicated two different geological characteristic forms. One of the two was 
associated with iron oxide and silica oxide. 
 
The sampling sites were grouped into 3 clusters, while cluster 3 with the highest 
pollution level corresponds to mine sites polygons. 
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5. ENVIRONMENTAL LOAD ASSESSMENT OF HEAVY METAL 
BEHAVIORS 
5.1. Introduction 
Water flow is an important way for contamination migration. Aquatic 
environmental ecosystems continuously receive potentially hazardous trace elements 
from both natural and anthropogenic sources through the flow path. While these pose 
serious threats because of their toxicity, persistence, and tendency to bioaccumulate 
(Maisto et al., 2011).  
The impact of different pollution sources on downstream recipients depends on 
the varying conditions in the different sub-watershed along the contaminant transport 
pathways that connect source to recipient (Thorslund et al., 2012; Malmstrom et al., 
2006). Additionally, most contaminants are influenced by transformation and 
retardation processes that act along the flow paths and can contribute to a natural 
attenuation of the pollution loads (Raich et al., 2006; Persson et al., 2011). The 
generation of transport predictions is needed to understand the net impact of pollution 
sources within watersheds on recipients (Zandaryaa et al., 2008), considering the 
complexity of and interactions between different processes in different water systems. 
A key water management challenge is to identify the main anthropogenic 
pollution sources and to assess their downstream environmental and socio-economic 
impacts (Thorslund et al., 2012). Such assessments are needed to identify 
cost-effective remediation measures that mitigate the adverse impacts of the sources 
of pollution (Baresel et al., 2006)). 
In this study, the heavy metal outflows from the upstream sub-watershed 
polygons and human emissions were analyzed in the Kosaka watershed, to assess 
their influence to mainstream Kosaka River, so as to clear out the pollution sources of 
heavy metals in the Kosaka River. 
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5.2. Theoretical considerations 
5.2.1. Heavy metal flows 
Figure 5.1 illustrates an individual sub-watershed polygon that can be regarded 
to a conceptual model of a non-point contaminant source zone. The gaining water of 
the tributary outlet to the mainstream is fed by small, non-permanent streams and/or 
diffuse flows from groundwater, which completely located within this sub-watershed 
polygon. Therefore, the contaminant mass cannot be lost to other tributaries out of 
this polygon. That is, for an individual sub-watershed polygon, the outputs of heavy 
metals at the outlet to the mainstream, depends on and only depends on the features 
within this polygon. The pollutant loads could be influenced by many factors inside 
each individual polygon, such as geological features, land use/land cover, soil type, 
vegetation features, and mine site information. According to several kinds of 
non-point source, there are point sources, human drainages that directly pour into the 
river. 
 
Fig.5.1 Conceptual model of an individual non-point contaminant source zone 
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Differentiating the supply sources, the water and the transported heavy metals 
that move with the river water could be distinguished into natural origin and 
anthropogenic one. Heavy metals as the natural origin, which was derived from soils 
and rocks by weathering, were transported with rainwater into the rivers. It is 
considered that the larger accumulated rainfall, the more the heavy metals transport to 
the river. The weathering rate of heavy metals also depends on geological 
characteristics in terms of reaction with rainwater. 
Flow rates of river water were strongly depended on season and weather 
conditions, and then heavy metal concentration in the river, which derived from 
non-point sources, was also influenced by seasonal variation. However, heavy metals 
which cause by the point sources as anthropogenic sources such as mine wastes, mine 
drainages and other industrial drainages are insusceptible by natural environment.  
The heavy metal mass outflow depends on the local concentration and the 
discharge, and the models of which are as follows: 
ii QCMf   
where Mf is the heavy metal outflow of an individual watershed polygon; Ci is 
the heavy metal concentration of a tributary “i” and Qi is the water discharge through 
the outlet of that tributary polygon. 
 
5.2.2. Mass balance of heavy metals 
The dissolved heavy metal flows and accumulates from the upstream to 
downstream as the river water flows, and the heavy metal content together with the 
flow rate changes at junctions. The water flow rate and the heavy metals content at the 
given point on the mainstream could be determined as the sum of those from all 
polygons in the upstream. In Figure 5.2, polygons A and B are two tributary polygons 
in the watershed. Polygon C is a mainstream polygon. The heavy metal concentration 
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and the water flow rate at point "d" on the downstream of the mainstream could be 
calculated as the sum of those from the mainstream polygon C. 
 
Figure 5.2 The sketch of heavy metal flows 
 
The water and heavy metal flows mix together at confluences. The confluence 
effects of the upstream discharges can be expressed by the following formula: 
 
i
iiconf QCMf  
where Mfconf is the heavy metal outflow at the downstream of the confluence; “i” 
is the tributaries or human discharges at the upstream of the confluence. “C” and “Q” 
are the heavy metal concentration and water discharge of the tributaries or human 
discharges. 
It is possible to clear out the heavy metal load contribution of individual 
watershed polygon or human drainages, which would clear out the source of the 
heavy metals and is commonly required for environment impact assessment. Through 
mass balance of heavy metals, it is possible to estimate the heavy metal flow in 
downstream river by the accumulation of all the upstream tributaries and human 
drainages. The mass flow contributions of unmonitored river branches or mine site 
drainages can be estimated in a similar way, by given that there are upstream and 
downstream monitoring data in the main river, relatively close to the confluence 
point. 
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5.3. Heavy metal loads from tributary polygons to mainstream 
Soluble heavy metals in river water transfer with water flows in the watershed. 
The heavy metals outflow into the mainstream from each tributary polygon was 
calculated, based on the water discharges and heavy metal concentrations at the outlet 
of tributary polygon to mainstream. The data sets of soluble heavy metal 
concentrations (filtered by 0.2-μm pore membrane) and water discharges in Nov 2012, 
May 2013 and Oct 2013, which respectively corresponding to rainy day, high water 
season and low water season, were performed (Table 2.3, Table 2.4, Table 2.5, Table 
3.5, Table 3.6 and Table 3.7(b)). The results for different heavy metals in each time 
period were shown in Tables from Table 5.1 to Table 5.15. 
In order to visually display the spatial differences and seasonal changes of the 
heavy metal outflows in tributary polygons, Figure 5.3 was plotted. The spatial 
variations of outflows turned to be drastic for all the heavy metals and As in the whole 
Kosaka watershed area. For Zn, the largest load to mainstream was in the polygon 401, 
up to 3.953 g/min in low water season (Table 5.1), 13.093g/min in high water season 
(Table 5.6) and 18.116g/min in rainy day (Table 5.11). Similarly, polygon 401 had the 
largest Cd load to the mainstream among all the tributary polygons. However, 
polygon 304 had a large amount of Pb and As outflow to the mainstream. 
For all the heavy metals and As, the outflows in high water season is larger than 
that in low water season, mainly due to the larger water dischargers since the 
concentration difference is relatively small for all the elements. The heavy metal 
outflows were extremely large in rainy day, especially in the downstream area. In the 
polygon 601+602, the heavy metal outflows were several times larger than that in 
high water season for all the heavy metals and As. The hydrological event of rain 
influenced severely for the heavy metal outflows in this polygon, with higher heavy 
metal concentrations and a much larger water discharge. Thus, polygon 601+602 
might change to an obvious pollution sources zone with large outflow amount of 
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heavy metals to the mainstream in rainy day. There was an easier migration of tiny 
geological particles of surface land washed by rain water in polygon 601+602, which 
concluded in the previous study in Chapter 3 of this thesis. The lager influence effects 
from the hydrological event of rain to Pb outflows occurs compared to other heavy 
metals, with a relatively higher concentration of Pb in rainy day than high water 
season (Table 5.8, Table 5.11),  together with the larger water discharge than in low 
water season. 
The heavy metal outflows in each sub-watershed polygon cleared out the internal 
specific detail pollution level of the whole watershed area, which might be ignored in 
large scale pollution sources investigation. The low-order stream sampling in small 
scale can afford advantages for the identification of tributary sources of pollution 
compared to the more common practice of sampling larger water bodies (Peed et al., 
2011). That is to say, watershed sampling from small streams provide higher 
resolution of information on water quality in the study area, compared to sampling 
from a larger water body. 
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Fig.5.3 Heavy metal outflows of tributaries to the mainstream (in Nov 2012, May 2013and Oct 2013) 
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Fig.5.3 Heavy metal outflows of tributaries to the mainstream (in Nov 2012, May 2013 and Oct 2013) 
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Table 5.1 Calculations about Zn flows into mainstream and the accumulation effects in low water season (Oct 2013) 
 
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Zn 
concentration 
analyzed by 
ICP-MS 
(μg/kg) 
Zn 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(g/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows (g/min) 
Estimated Zn 
concentration 
in mainstream 
(μg/kg) 
Actually 
Measured 
water 
discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points (g/min) 
101 
 
3.65 3.45 
 
0.013 3.65 0.013 3.450 
  
102 
 
2.56 1.56 
 
0.004 6.21 0.017 2.671 
  
P1 
  
2.72 
  
6.21 0.017 2.671 6.21 0.017 
201 
 
2.78 27.6 
 
0.077 8.99 0.093 10.378 
  
203 
 
1.47 1.49 
 
0.002 10.46 0.114 10.936 
  
Furutobe mine 0.23 
  
91.741 0.021 10.69 0.135 12.675 
  
205 
 
11.10 41.16 
 
0.457 21.79 0.592 27.188 
  
Intake to Kosaka refinery (4.00) 
   
(0.109) 17.79 0.484 27.188 
  
P2 
  
25.08 
  
17.79 0.484 27.188 24.87 0.624 
301 
 
18.10 1.1 
 
0.020 35.89 0.504 14.031 
  
302 
 
51.96 1.6 
 
0.083 87.86 0.587 6.679 
  
303 
 
13.12 8.32 
 
0.109 100.98 0.696 6.892 
  
304 
 
41.24 2.31 
 
0.095 142.22 0.791 5.563 
  
P3 
  
28.54 
  
142.22 0.791 5.563 154.93 4.422 
Intake to irrigation channel (53.50) 
   
(0.298) 88.72 0.494 5.563 
  
401 
 
9.44 419 
 
3.953 98.15 4.447 45.307 
  
P4 
  
33.63 
  
98.15 4.447 45.307 114.83 3.862 
Kosaka refinery 21.00 
  
253.678 5.327 119.15 9.774 82.031 
  
501 
 
9.15 33.5 
 
0.306 128.30 10.081 78.572 
  
503 
 
4.78 89.96 
 
0.430 133.08 10.511 78.981 
  
504 
 
36.76 13.53 
 
0.497 169.85 11.008 64.814 
  
505 
 
3.71 17.95 
 
0.067 173.56 11.075 63.812 
  
506 
 
6.84 5.04 
 
0.034 180.39 11.110 61.586 
  
P5 
  
44.73 
  
180.39 11.110 61.586 233.82 10.459 
603 
 
1.37 1.64 
 
0.002 181.76 11.112 61.134 
  
601+602 
 
11.03 12.19 
 
0.135 192.80 11.246 58.332 
  
P6 
  
41.25 
  
192.80 11.246 58.332 247.89 10.225 
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Table 5.2 Calculations about Cu flows into mainstream and the accumulation effects in low water season (Oct 2013) 
 
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Cu 
concentration 
analyzed by 
ICP-MS(μg/kg) 
Cu 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(g/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows (g/min) 
Estimated Cu 
concentration 
in mainstream 
(μg/kg) 
Actually 
Measured 
water 
discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points (g/min) 
101 
 
3.65 0.79 
 
0.003 3.65 0.003 0.790 
  
102 
 
2.56 0.82 
 
0.002 6.21 0.005 0.802 
  
P1 
  
0.74 
  
6.21 0.005 0.802 6.21 0.005 
201 
 
2.78 3.44 
 
0.010 8.99 0.015 1.618 
  
203 
 
1.47 1.92 
 
0.003 10.46 0.017 1.580 
  
Furutobe mine 0.23 
  
8.603 0.002 10.69 0.018 1.731 
  
205 
 
11.10 3.91 
 
0.043 21.79 0.062 2.841 
  
Intake to Kosaka refinery (4.00) 
   
(0.011) 17.79 0.051 2.841 
  
P2 
  
2.83 
  
17.79 0.051 2.841 24.87 0.070 
301 
 
18.10 0.57 
 
0.010 35.89 0.061 1.696 
  
302 
 
51.96 0.81 
 
0.042 87.86 0.103 1.172 
  
303 
 
13.12 1.24 
 
0.016 100.98 0.119 1.181 
  
304 
 
41.24 0.91 
 
0.038 142.22 0.157 1.102 
  
P3 
  
3.74 
  
142.22 0.157 1.102 154.93 0.579 
Intake to irrigation channel (53.50) 
   
(0.059) 88.72 0.098 1.102 
  
401 
 
9.44 3.34 
 
0.032 98.15 0.129 1.317 
  
P4 
  
3.47 
  
98.15 0.129 1.317 114.83 0.398 
Kosaka refinery 21.00 
  
48.02 1.008 119.15 1.138 9.548 
  
501 
 
9.15 3.73 
 
0.034 128.30 1.172 9.134 
  
503 
 
4.78 7.96 
 
0.038 133.08 1.210 9.091 
  
504 
 
36.76 2.1 
 
0.077 169.85 1.287 7.578 
  
505 
 
3.71 1.42 
 
0.005 173.56 1.292 7.446 
  
506 
 
6.84 0.61 
 
0.004 180.39 1.297 7.187 
  
P5 
  
5.7 
  
180.39 1.297 7.187 233.82 1.333 
603 
 
1.37 0.36 
 
0.000 181.76 1.297 7.136 
  
601+602 
 
11.03 2.26 
 
0.025 192.80 1.322 6.857 
  
P6 
  
5.42 
  
192.80 1.322 6.857 247.89 1.344 
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Table 5.3 Calculations about Pb flows into mainstream and the accumulation effects in low water season (Oct 2013) 
 
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Pb 
concentration 
analyzed by 
ICP-MS 
(μg/kg) 
Pb 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(mg/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows 
(mg/min) 
Estimated Pb 
concentration 
in mainstream 
(μg/kg) 
Actually 
Measured 
water 
discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(mg/min) 
101 
 
3.65 0.13 
 
0.475 3.65 0.475 0.130 
  
102 
 
2.56 0.06 
 
0.154 6.21 0.628 0.101 
  
P1 
  
0.07 
  
6.21 0.628 0.101 6.21 0.435 
201 
 
2.78 0.09 
 
0.250 8.99 0.878 0.098 
  
203 
 
1.47 0.07 
 
0.103 10.46 0.966 0.092 
  
Furutobe mine 0.23 
  
0.383 0.088 10.69 1.054 0.099 
  
205 
 
11.10 0.1 
 
1.110 21.79 2.165 0.099 
  
Intake to Kosaka refinery (4.00) 
   
(0.397
) 
17.79 1.767 0.099 
  
P2 
  
0.15 
  
17.79 1.767 0.099 24.87 3.731 
301 
 
18.10 0.05 
 
0.905 35.89 2.672 0.074 
  
302 
 
51.96 0.12 
 
6.236 87.86 8.908 0.101 
  
303 
 
13.12 0.06 
 
0.787 100.98 9.695 0.096 
  
304 
 
41.24 0.41 
 
16.908 142.22 26.603 0.187 
  
P3 
  
0.27 
  
142.22 26.603 0.187 154.93 41.831 
Intake to irrigation channel (53.50) 
   
(10.00
8) 
88.72 16.595 0.187 
  
401 
 
9.44 1.53 
 
14.436 98.15 31.032 0.316 
  
P4 
  
0.3 
  
98.15 31.032 0.316 114.83 34.449 
Kosaka refinery 21.00 
  
2.356 49.476 119.15 80.508 0.676 
  
501 
 
9.15 0.37 
 
3.384 128.30 83.892 0.654 
  
503 
 
4.78 0.19 
 
0.909 133.08 84.801 0.637 
  
504 
 
36.76 0.19 
 
6.985 169.85 91.786 0.540 
  
505 
 
3.71 0.13 
 
0.482 173.56 92.268 0.532 
  
506 
 
6.84 0.16 
 
1.094 180.39 93.362 0.518 
  
P5 
  
0.37 
  
180.39 93.362 0.518 233.82 86.513 
603 
 
1.37 0.04 
 
0.055 181.76 93.417 0.514 
  
601+602 
 
11.03 0.22 
 
2.428 192.80 95.844 0.497 
  
P6 
  
0.26 
  
192.80 95.844 0.497 247.89 64.451 
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Table 5.4 Calculations about Cd flows into mainstream and the accumulation effects in low water season (Oct 2013) 
 
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Cd 
concentration 
analyzed by 
ICP-MS 
(μg/kg) 
Cd 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(mg/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows 
(mg/min) 
Estimated Cd 
concentration 
in mainstream 
(μg/kg) 
Actually 
Measured 
water 
discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(mg/min) 
101 
 
3.65 0.03 
 
0.110 3.65 0.110 0.030 
  
102 
 
2.56 0.01 
 
0.026 6.21 0.135 0.022 
  
P1 
  
0.02 
  
6.21 0.135 0.022 6.21 0.124 
201 
 
2.78 0.14 
 
0.389 8.99 0.524 0.058 
  
203 
 
1.47 0.03 
 
0.044 10.46 0.565 0.054 
  
Furutobe mine 0.23 
  
0.176 0.040 10.69 0.605 0.057 
  
205 
 
11.10 0.1 
 
1.110 21.79 1.715 0.079 
  
Intake to Kosaka refinery (4.00) 
   
(0.315) 17.79 1.401 0.079 
  
P2 
  
0.13 
  
17.79 1.401 0.079 24.87 3.233 
301 
 
18.10 0.02 
 
0.362 35.89 1.763 0.049 
  
302 
 
51.96 0.01 
 
0.520 87.86 2.282 0.026 
  
303 
 
13.12 0.04 
 
0.525 100.98 2.807 0.028 
  
304 
 
41.24 0.02 
 
0.825 142.22 3.632 0.026 
  
P3 
  
0.12 
  
142.22 3.632 0.026 154.93 18.592 
Intake to irrigation channel (53.50) 
   
(1.366) 88.72 2.266 0.026 
  
401 
 
9.44 0.86 
 
8.115 98.15 10.380 0.106 
  
P4 
  
0.13 
  
98.15 10.380 0.106 114.83 14.928 
Kosaka refinery 21.00 
  
4.168 87.528 119.15 97.908 0.822 
  
501 
 
9.15 0.13 
 
1.189 128.30 99.097 0.772 
  
503 
 
4.78 0.6 
 
2.871 133.08 101.968 0.766 
  
504 
 
36.76 0.12 
 
4.412 169.85 106.379 0.626 
  
505 
 
3.71 0.12 
 
0.445 173.56 106.825 0.616 
  
506 
 
6.84 0.04 
 
0.273 180.39 107.098 0.594 
  
P5 
  
0.38 
  
180.39 107.098 0.594 233.82 88.852 
603 
 
1.37 0.02 
 
0.027 181.76 107.125 0.589 
  
601+602 
 
11.03 0.1 
 
1.103 192.80 108.229 0.561 
  
P6 
  
0.34 
  
192.80 108.229 0.561 247.89 84.283 
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Table 5.5 Calculations about As flows into mainstream and the accumulation effects in low water season (Oct 2013) 
 
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
As 
concentration 
analyzed by 
ICP-MS 
(μg/kg) 
As 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(mg/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows 
(mg/min) 
Estimated As 
concentration 
in mainstream 
(μg/kg) 
Actually 
Measured 
water 
discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(mg/min) 
101 
 
3.65 0.14 
 
0.511 3.65 0.511 0.140 
  
102 
 
2.56 0.2 
 
0.512 6.21 1.023 0.165 
  
P1 
  
0.14 
  
6.21 1.023 0.165 6.21 0.869 
201 
 
2.78 0.23 
 
0.639 8.99 1.662 0.185 
  
203 
 
1.47 0.16 
 
0.235 10.46 1.925 0.184 
  
Furutobe mine 0.23 
  
1.144 0.263 10.69 2.188 0.205 
  
205 
 
11.10 0.53 
 
5.885 21.79 8.073 0.370 
  
Intake to Kosaka refinery (4.00) 
   
(1.482
) 
17.79 6.591 0.370 
  
P2 
  
0.35 
  
17.79 6.591 0.370 24.87 8.705 
301 
 
18.10 0.7 
 
12.671 35.89 19.262 0.537 
  
302 
 
51.96 0.35 
 
18.187 87.86 37.449 0.426 
  
303 
 
13.12 0.45 
 
5.905 100.98 43.354 0.429 
  
304 
 
41.24 1.32 
 
54.434 142.22 97.789 0.688 
  
P3 
  
0.62 
  
142.22 97.789 0.688 154.93 96.057 
Intake to irrigation channel (53.50
) 
   
(36.78
6) 
88.72 61.002 0.688 
  
401 
 
9.44 0.2 
 
1.887 98.15 62.889 0.641 
  
P4 
  
0.24 
  
98.15 62.889 0.641 114.83 27.559 
Kosaka refinery 21.00 
  
2.537 53.277 119.15 116.16
6 
0.975 
  
501 
 
9.15 0.64 
 
5.853 128.30 122.02
0 
0.951 
  
503 
 
4.78 0.64 
 
3.062 133.08 125.08
2 
0.940 
  
504 
 
36.76 0.35 
 
12.867 169.85 137.94
9 
0.812 
  
505 
 
3.71 0.31 
 
1.150 173.56 139.09
9 
0.801 
  
506 
 
6.84 0.8 
 
5.468 180.39 144.56
7 
0.801 
  
P5 
  
1.14 
  
180.39 144.56
7 
0.801 233.82 266.55
5 603 
 
1.37 0.17 
 
0.233 181.76 144.80
0 
0.797 
  
601+602 
 
11.03 1.2 
 
13.241 192.80 158.04
1 
0.820 
  
P6 
  
1.11 
  
192.80 58.04
1 
0.820 247.89 275.15
8 
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Table 5.6 Calculations about Zn flows into mainstream and the accumulation effects in high water season (May 2013) 
 
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Zn 
concentration 
analyzed by 
ICP-MS 
(μg/kg) 
Zn 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(g/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows (g/min) 
Estimated Zn 
concentration 
in mainstream 
(μg/kg) 
Actually 
Measured 
water 
discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points (g/min) 
101 
 
18.04 4.86 
 
0.088 18.04 0.088 4.860 
  
102 
 
12.64 5.89 
 
0.074 30.68 0.162 5.284 
  
P1 
  
4.95 
  
30.68 0.162 5.284 30.68 0.152 
201 
 
11.68 30.42 
 
0.355 42.36 0.517 12.216 
  
203 
 
6.18 3.79 
 
0.023 48.54 0.539 11.095 
  
Furutobe mine 0.23 
  
91.741 0.021 48.77 0.560 11.475 
  
205 
 
46.67 57.12 
 
2.666 95.45 3.226 33.796 
  
Intake to Kosaka refinery (4.00) 
   
(0.135) 91.45 3.090 33.796 
  
P2 
  
32.34 
  
91.45 3.090 33.796 121.20 3.920 
301 
 
62.37 3.06 
 
0.191 153.81 3.281 21.333 
  
302 
 
179.04 4.41 
 
0.790 332.86 4.071 12.230 
  
303 
 
45.21 10.47 
 
0.473 378.07 4.544 12.020 
  
304 
 
142.09 6.87 
 
0.976 520.15 5.520 10.613 
  
P3 
  
20.68 
  
520.15 5.520 10.613 569.32 11.774 
Intake to irrigation channel (53.50) 
   
(0.568) 466.65 4.953 10.613 
  
401 
 
32.87 398.34 
 
13.093 499.52 18.046 36.126 
  
P4 
  
35.05 
  
499.52 18.046 36.126 562.50 19.716 
Kosaka refinery 21.00 
  
253.678 5.327 520.52 23.373 44.903 
  
501 
 
35.99 16.22 
 
0.584 556.51 23.957 43.048 
  
503 
 
18.83 107.89 
 
2.031 575.33 25.988 45.170 
  
504 
 
144.65 10.9 
 
1.577 719.99 27.565 38.285 
  
505 
 
14.60 23.86 
 
0.348 734.58 27.913 37.998 
  
506 
 
26.89 8.37 
 
0.225 761.48 28.138 36.952 
  
P5 
  
29.56 
  
761.48 28.138 36.952 883.75 26.124 
603 
 
13.57 3.03 
 
0.041 775.05 28.179 36.358 
  
601+602 
 
109.26 16.24 
 
1.774 884.31 29.953 33.872 
  
P6 
  
27.29 
  
884.31 29.953 33.872 1023.07 27.920 
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Table 5.7 Calculations about Cu flows into mainstream and the accumulation effects in high water season (May 2013) 
 
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Cu concentration 
analyzed by 
ICP-MS(μg/kg) 
Cu 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(g/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows (g/min) 
Estimated Cu 
concentration 
in 
mainstream 
(μg/kg) 
Actually 
Measured 
water discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(g/min) 
101 
 
18.04 0.27 
 
0.005 18.04 0.005 0.270 
  
102 
 
12.64 0.42 
 
0.005 30.68 0.010 0.332 
  
P1 
  
0.51 
  
30.68 0.010 0.332 30.68 0.016 
201 
 
11.68 2.43 
 
0.028 42.36 0.039 0.910 
  
203 
 
6.18 0.65 
 
0.004 48.54 0.041 0.835 
  
Furutobe mine 0.23 
  
8.603 0.002 48.77 0.043 0.872 
  
205 
 
46.67 4.05 
 
0.189 95.45 0.232 2.426 
  
Intake to Kosaka refinery (4.00) 
   
(0.010) 91.45 0.222 2.426 
  
P2 
  
2.3 
  
91.45 0.222 2.426 121.20 0.279 
301 
 
62.37 0.4 
 
0.025 153.81 0.247 1.604 
  
302 
 
179.04 0.74 
 
0.132 332.86 0.379 1.139 
  
303 
 
45.21 0.68 
 
0.031 378.07 0.410 1.085 
  
304 
 
142.09 0.89 
 
0.126 520.15 0.536 1.031 
  
P3 
  
1.27 
  
520.15 0.536 1.031 569.32 0.723 
Intake to irrigation channel (53.50) 
   
(0.055) 466.65 0.481 1.031 
  
401 
 
32.87 2.55 
 
0.084 499.52 0.565 1.131 
  
P4 
  
1.55 
  
499.52 0.565 1.131 562.50 0.872 
Kosaka refinery 21.00 
  
48.02 1.008 520.52 1.574 3.023 
  
501 
 
35.99 1.21 
 
0.044 556.51 1.617 2.906 
  
503 
 
18.83 9.37 
 
0.176 575.33 1.793 3.117 
  
504 
 
144.65 1.67 
 
0.242 719.99 2.035 2.827 
  
505 
 
14.60 1.1 
 
0.016 734.58 2.051 2.792 
  
506 
 
26.89 0.58 
 
0.016 761.48 2.067 2.714 
  
P5 
  
3.68 
  
761.48 2.067 2.714 883.75 3.252 
603 
 
13.57 0.29 
 
0.004 775.05 2.071 2.672 
  
601+602 
 
109.26 1.88 
 
0.205 884.31 2.276 2.574 
  
P6 
  
4.13 
  
884.31 2.276 2.574 1023.07 4.225 
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Table 5.8 Calculations about Pb flows into mainstream and the accumulation effects in high water season (May 2013) 
 
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Pb concentration 
analyzed by 
ICP-MS (μg/kg) 
Pb 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(mg/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows 
(mg/min) 
Estimated Pb 
concentration 
in 
mainstream 
(μg/kg) 
Actually 
Measured 
water discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(mg/min) 
101 
 
18.04 0.05 
 
0.902 18.04 0.902 0.050 
  
102 
 
12.64 0.02 
 
0.253 30.68 1.155 0.038 
  
P1 
  
0.03 
  
30.68 1.155 0.038 30.68 0.920 
201 
 
11.68 0.04 
 
0.467 42.36 1.622 0.038 
  
203 
 
6.18 0.04 
 
0.247 48.54 1.710 0.035 
  
Furutobe mine 0.23 
  
0.383 0.088 48.77 1.798 0.037 
  
205 
 
46.67 0.04 
 
1.867 95.45 3.665 0.038 
  
Intake to Kosaka refinery (4.00) 
   
(0.154) 91.45 3.512 0.038 
  
P2 
  
0.09 
  
91.45 3.512 0.038 121.20 10.908 
301 
 
62.37 0.04 
 
2.495 153.81 6.006 0.039 
  
302 
 
179.04 0.03 
 
5.371 332.86 11.377 0.034 
  
303 
 
45.21 0.04 
 
1.808 378.07 13.186 0.035 
  
304 
 
142.09 0.16 
 
22.734 520.15 35.920 0.069 
  
P3 
  
0.14 
  
520.15 35.920 0.069 569.32 79.705 
Intake to irrigation channel (53.50) 
   
(3.694) 466.65 32.225 0.069 
  
401 
 
32.87 0.45 
 
14.791 499.52 47.016 0.094 
  
P4 
  
0.23 
  
499.52 47.016 0.094 562.50 129.375 
Kosaka refinery 21.00 
  
2.356 49.476 520.52 96.492 0.185 
  
501 
 
35.99 0.09 
 
3.239 556.51 99.731 0.179 
  
503 
 
18.83 0.24 
 
4.518 575.33 104.249 0.181 
  
504 
 
144.65 0.18 
 
26.037 719.99 130.286 0.181 
  
505 
 
14.60 0.17 
 
2.482 734.58 132.768 0.181 
  
506 
 
26.89 0.1 
 
2.689 761.48 135.458 0.178 
  
P5 
  
0.16 
  
761.48 135.458 0.178 883.75 141.400 
603 
 
13.57 0.07 
 
0.950 775.05 136.408 0.176 
  
601+602 
 
109.26 0.16 
 
17.482 884.31 153.889 0.174 
  
P6 
  
0.14 
  
884.31 153.889 0.174 1023.07 143.230 
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Table 5.9 Calculations about Cd flows into mainstream and the accumulation effects in high water season (May 2013) 
 
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Cd concentration 
analyzed by 
ICP-MS (μg/kg) 
Cd 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(mg/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows 
(mg/min) 
Estimated Cd 
concentration 
in 
mainstream 
(μg/kg) 
Actually 
Measured 
water discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(mg/min) 
101 
 
18.04 0.03 
 
0.541 18.04 0.541 0.030 
  
102 
 
12.64 0.01 
 
0.126 30.68 0.668 0.022 
  
P1 
  
0.02 
  
30.68 0.668 0.022 30.68 0.614 
201 
 
11.68 0.12 
 
1.402 42.36 2.069 0.049 
  
203 
 
6.18 0.02 
 
0.124 48.54 2.110 0.043 
  
Furutobe mine 0.23 
  
0.176 0.040 48.77 2.150 0.044 
  
205 
 
46.67 0.16 
 
7.468 95.45 9.618 0.101 
  
Intake to Kosaka refinery (4.00) 
   
(0.403) 91.45 9.215 0.101 
  
P2 
  
0.12 
  
91.45 9.215 0.101 121.20 14.544 
301 
 
62.37 0.02 
 
1.247 153.81 10.462 0.068 
  
302 
 
179.04 0.03 
 
5.371 332.86 15.834 0.048 
  
303 
 
45.21 0.06 
 
2.713 378.07 18.546 0.049 
  
304 
 
142.09 0.04 
 
5.683 520.15 24.230 0.047 
  
P3 
  
0.05 
  
520.15 24.230 0.047 569.32 28.466 
Intake to irrigation channel (53.50) 
   
(2.492) 466.65 21.738 0.047 
  
401 
 
32.87 0.8 
 
26.295 499.52 48.033 0.096 
  
P4 
  
0.08 
  
499.52 48.033 0.096 562.50 45.000 
Kosaka refinery 21.00 
  
4.168 87.528 520.52 135.561 0.260 
  
501 
 
35.99 0.07 
 
2.519 556.51 138.080 0.248 
  
503 
 
18.83 0.7 
 
13.178 575.33 151.258 0.263 
  
504 
 
144.65 0.1 
 
14.465 719.99 165.723 0.230 
  
505 
 
14.60 0.12 
 
1.752 734.58 167.475 0.228 
  
506 
 
26.89 0.04 
 
1.076 761.48 168.551 0.221 
  
P5 
  
0.28 
  
761.48 168.551 0.221 883.75 247.450 
603 
 
13.57 0.01 
 
0.136 775.05 168.687 0.218 
  
601+602 
 
109.26 0.1 
 
10.926 884.31 179.613 0.203 
  
P6 
  
0.22 
  
884.31 179.613 0.203 1023.07 225.075 
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Table 5.10 Calculations about As flows into mainstream and the accumulation effects in high water season (May 2013) 
  
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
As concentration 
analyzed by 
ICP-MS (μg/kg) 
As 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(mg/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows 
(mg/min) 
Estimated As 
concentration 
in 
mainstream 
(μg/kg) 
Actually 
Measured 
water discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(mg/min) 
101 
 
18.04 0.13 
 
2.345 18.04 2.345 0.130 
  
102 
 
12.64 0.11 
 
1.391 30.68 3.736 0.122 
  
P1 
  
0.11 
  
30.68 3.736 0.122 30.68 3.375 
201 
 
11.68 0.19 
 
2.219 42.36 5.955 0.141 
  
203 
 
6.18 0.17 
 
1.051 48.54 6.218 0.128 
  
Furutobe mine 0.23 
  
1.144 0.263 48.77 6.481 0.133 
  
205 
 
46.67 0.38 
 
17.736 95.45 24.217 0.254 
  
Intake to Kosaka refinery (4.00) 
   
(1.015) 91.45 23.202 0.254 
  
P2 
  
0.31 
  
91.45 23.202 0.254 121.20 37.572 
301 
 
62.37 0.68 
 
42.410 153.81 65.612 0.427 
  
302 
 
179.04 0.24 
 
42.970 332.86 108.582 0.326 
  
303 
 
45.21 0.27 
 
12.207 378.07 120.790 0.319 
  
304 
 
142.09 0.46 
 
65.359 520.15 186.149 0.358 
  
P3 
  
0.5 
  
520.15 186.149 0.358 569.32 284.660 
Intake to irrigation channel (53.50) 
   
(19.146) 466.65 167.003 0.358 
  
401 
 
32.87 0.23 
 
7.560 499.52 174.563 0.349 
  
P4 
  
0.37 
  
499.52 174.563 0.349 562.50 208.125 
Kosaka refinery 21.00 
  
2.537 53.277 520.52 227.840 0.438 
  
501 
 
35.99 0.39 
 
14.035 556.51 241.874 0.435 
  
503 
 
18.83 0.23 
 
4.330 575.33 246.204 0.428 
  
504 
 
144.65 0.62 
 
89.683 719.99 335.888 0.467 
  
505 
 
14.60 0.45 
 
6.570 734.58 342.458 0.466 
  
506 
 
26.89 0.27 
 
7.261 761.48 349.719 0.459 
  
P5 
  
0.64 
  
761.48 349.719 0.459 883.75 565.600 
603 
 
13.57 0.18 
 
2.443 775.05 352.161 0.454 
  
601+602 
 
109.26 0.9 
 
98.334 884.31 450.495 0.509 
  
P6 
  
0.69 
  
884.31 450.495 0.509 1023.07 705.918 
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Table 5.11 Calculations about Zn flows into mainstream and the accumulation effects in rainy day (Nov 2012) 
  
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Zn concentration 
analyzed by 
ICP-MS (μg/kg) 
Zn 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(g/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows (g/min) 
Estimated Zn 
concentration 
in 
mainstream 
(μg/kg) 
Actually 
Measured 
water discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(g/min) 
101 
 
28.54 5.72 
 
0.163 28.54 0.163 5.720 
  
102 
 
20.00 2.2 
 
0.044 48.54 0.207 4.270 
  
P1 
  
3.57 
  
48.54 0.207 4.270 48.537 0.173 
201 
 
18.24 36.36 
 
0.663 66.78 0.870 13.035 
  
203 
 
9.65 1.44 
 
0.014 76.43 0.892 11.665 
  
Furutobe mine 0.23 
  
91.741 0.021 76.66 0.913 11.905 
  
205 
 
72.88 32.38 
 
2.360 149.54 3.273 21.884 
  
Intake to Kosaka refinery (4.00) 
   
(0.088) 145.54 3.185 21.884 
  
P2 
  
25.77 
  
145.54 3.185 21.884 192 4.948 
301 
 
69.45 0.6 
 
0.042 214.99 3.227 15.009 
  
302 
 
199.36 1.81 
 
0.361 414.35 3.588 8.658 
  
303 
 
50.34 13.83 
 
0.696 464.69 4.284 9.218 
  
304 
 
158.21 2.85 
 
0.451 622.91 4.735 7.601 
  
P3 
  
93.11 
  
622.91 4.735 7.601 690.984 64.338 
Intake to irrigation channel (53.50) 
   
(0.407) 569.41 4.328 7.601 
  
401 
 
36.12 501.49 
 
18.116 605.53 22.444 37.065 
  
P4 
  
80.59 
  
605.53 22.444 37.065 688.7858 55.509 
Kosaka refinery 21.00 
  
253.678 5.327 626.53 27.771 44.325 
  
501 
 
61.88 75.89 
 
4.696 688.41 32.467 47.162 
  
503 
 
32.37 40.58 
 
1.314 720.78 33.781 46.867 
  
504 
 
248.73 7.63 
 
1.898 969.52 35.679 36.800 
  
505 
 
25.10 40.58 
 
1.019 994.62 36.697 36.896 
  
506 
 
46.25 8.93 
 
0.413 1040.87 37.110 35.653 
  
P5 
  
66.1 
  
1040.87 37.110 35.653 1205.164 79.661 
603 
 
36.56 0.88 
 
0.032 1077.43 37.142 34.473 
  
601+602 
 
294.38 16.39 
 
4.825 1371.81 41.967 30.593 
  
P6 
  
48.19 
  
1371.81 41.967 30.593 1580.536 76.166 
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Table 5.12 Calculations about Cu flows into mainstream and the accumulation effects in rainy day (Nov 2012) 
  
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Cu concentration 
analyzed by 
ICP-MS(μg/kg) 
Cu 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(g/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows (g/min) 
Estimated Cu 
concentration 
in 
mainstream 
(μg/kg) 
Actually 
Measured 
water discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(g/min) 
101 
 
28.54 0.86 
 
0.025 28.54 0.025 0.860 
  
102 
 
20.00 1.16 
 
0.023 48.54 0.048 0.984 
  
P1 
  
1.02 
  
48.54 0.048 0.984 48.537 0.050 
201 
 
18.24 4.86 
 
0.089 66.78 0.136 2.042 
  
203 
 
9.65 2.51 
 
0.024 76.43 0.138 1.810 
  
Furutobe mine 0.23 
  
8.603 0.002 76.66 0.140 1.831 
  
205 
 
72.88 3.31 
 
0.241 149.54 0.382 2.552 
  
Intake to Kosaka refinery (4.00) 
   
(0.010) 145.54 0.371 2.552 
  
P2 
  
2.8 
  
145.54 0.371 2.552 192 0.538 
301 
 
69.45 0.8 
 
0.056 214.99 0.427 1.986 
  
302 
 
199.36 0.72 
 
0.144 414.35 0.570 1.377 
  
303 
 
50.34 1.58 
 
0.080 464.69 0.650 1.399 
  
304 
 
158.21 1.19 
 
0.188 622.91 0.838 1.346 
  
P3 
  
10.28 
  
622.91 0.838 1.346 690.984 7.103 
Intake to irrigation channel (53.50) 
   
(0.072) 569.41 0.766 1.346 
  
401 
 
36.12 4.71 
 
0.170 605.53 0.936 1.546 
  
P4 
  
6.06 
  
605.53 0.936 1.546 688.7858 4.174 
Kosaka refinery 21.00 
  
48.02 1.008 626.53 1.945 3.104 
  
501 
 
61.88 6.13 
 
0.379 688.41 2.324 3.376 
  
503 
 
32.37 12.24 
 
0.396 720.78 2.720 3.774 
  
504 
 
248.73 2.35 
 
0.585 969.52 3.305 3.409 
  
505 
 
25.10 5.86 
 
0.147 994.62 3.452 3.471 
  
506 
 
46.25 0.73 
 
0.034 1040.87 3.486 3.349 
  
P5 
  
8.02 
  
1040.87 3.486 3.349 1205.164 9.665 
603 
 
36.56 0.38 
 
0.014 1077.43 3.500 3.248 
  
601+602 
 
294.38 4.57 
 
1.345 1371.81 4.845 3.532 
  
P6 
  
5.85 
  
1371.81 4.845 3.532 1580.536 9.246 
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Table 5.13 Calculations about Pb flows into mainstream and the accumulation effects in rainy day (Nov 2012) 
  
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Pb concentration 
analyzed by 
ICP-MS (μg/kg) 
Pb 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(mg/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows 
(mg/min) 
Estimated Pb 
concentration 
in 
mainstream 
(μg/kg) 
Actually 
Measured 
water discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(mg/min) 
101 
 
28.54 0.15 
 
4.281 28.54 4.281 0.150 
  
102 
 
20.00 0.11 
 
2.200 48.54 6.481 0.134 
  
P1 
  
0.11 
  
48.54 6.481 0.134 48.537 5.339 
201 
 
18.24 0.26 
 
4.743 66.78 11.223 0.168 
  
203 
 
9.65 0.17 
 
1.641 76.43 11.311 0.148 
  
Furutobe mine 0.23 
  
0.383 0.088 76.66 11.399 0.149 
  
205 
 
72.88 0.1 
 
7.288 149.54 18.687 0.125 
  
Intake to Kosaka refinery (4.00) 
   
(0.500) 145.54 18.187 0.125 
  
P2 
  
0.27 
  
145.54 18.187 0.125 192.000 51.840 
301 
 
69.45 0.09 
 
6.250 214.99 24.438 0.114 
  
302 
 
199.36 0.11 
 
21.930 414.35 46.368 0.112 
  
303 
 
50.34 0.16 
 
8.055 464.69 54.423 0.117 
  
304 
 
158.21 0.35 
 
55.374 622.91 109.797 0.176 
  
P3 
  
0.31 
  
622.91 109.797 0.176 690.984 214.205 
Intake to irrigation channel (53.50) 
   
(9.430) 569.41 100.367 0.176 
  
401 
 
36.12 1.74 
 
62.855 605.53 163.222 0.270 
  
P4 
  
0.27 
  
605.53 163.222 0.270 688.786 185.972 
Kosaka refinery 21.00 
  
2.356 49.476 626.53 212.698 0.339 
  
501 
 
61.88 0.28 
 
17.327 688.41 230.025 0.334 
  
503 
 
32.37 0.32 
 
10.359 720.78 240.384 0.334 
  
504 
 
248.73 0.23 
 
57.209 969.52 297.593 0.307 
  
505 
 
25.10 0.28 
 
7.029 994.62 304.622 0.306 
  
506 
 
46.25 0.12 
 
5.549 1040.87 310.171 0.298 
  
P5 
  
0.32 
  
1040.87 310.171 0.298 1205.164 385.652 
603 
 
36.56 0.03 
 
1.097 1077.43 311.268 0.289 
  
601+602 
 
294.38 0.24 
 
70.651 1371.81 381.920 0.278 
  
P6 
  
0.25 
  
1371.81 381.920 0.278 1580.536 395.134 
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Table 5.14 Calculations about Cd flows into mainstream and the accumulation effects in rainy day (Nov 2012) 
  
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
Cd concentration 
analyzed by 
ICP-MS (μg/kg) 
Cd 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(mg/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows 
(mg/min) 
Estimated Cd 
concentration 
in 
mainstream 
(μg/kg) 
Actually 
Measured 
water discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(mg/min) 
101 
 
28.54 0.03 
 
0.856 28.54 0.856 0.030 
  
102 
 
20.00 0.01 
 
0.200 48.54 1.056 0.022 
  
P1 
  
0.03 
  
48.54 1.056 0.022 48.537 1.456 
201 
 
18.24 0.17 
 
3.101 66.78 4.157 0.062 
  
203 
 
9.65 0.03 
 
0.290 76.43 4.197 0.055 
  
Furutobe mine 0.23 
  
0.176 0.040 76.66 4.238 0.055 
  
205 
 
72.88 0.11 
 
8.017 149.54 12.255 0.082 
  
Intake to Kosaka refinery (4.00) 
   
(0.328) 145.54 11.927 0.082 
  
P2 
  
0.1 
  
145.54 11.927 0.082 192 19.200 
301 
 
69.45 0.02 
 
1.389 214.99 13.316 0.062 
  
302 
 
199.36 0.02 
 
3.987 414.35 17.303 0.042 
  
303 
 
50.34 0.11 
 
5.538 464.69 22.841 0.049 
  
304 
 
158.21 0.06 
 
9.493 622.91 32.334 0.052 
  
P3 
  
0.3 
  
622.91 32.334 0.052 690.984 207.295 
Intake to irrigation channel (53.50) 
   
(2.777) 569.41 29.557 0.052 
  
401 
 
36.12 1.37 
 
49.490 605.53 79.046 0.131 
  
P4 
  
0.22 
  
605.53 79.046 0.131 688.7858 151.533 
Kosaka refinery 21.00 
  
4.168 87.528 626.53 166.574 0.266 
  
501 
 
61.88 0.25 
 
15.470 688.41 182.044 0.264 
  
503 
 
32.37 0.26 
 
8.417 720.78 190.461 0.264 
  
504 
 
248.73 0.12 
 
29.848 969.52 220.309 0.227 
  
505 
 
25.10 0.26 
 
6.527 994.62 226.836 0.228 
  
506 
 
46.25 0.16 
 
7.399 1040.87 234.236 0.225 
  
P5 
  
0.67 
  
1040.87 234.236 0.225 1205.164 807.460 
603 
 
36.56 0.02 
 
0.731 1077.43 234.967 0.218 
  
601+602 
 
294.38 0.09 
 
26.494 1371.81 261.461 0.191 
  
P6 
  
0.47 
  
1371.81 261.461 0.191 1580.536 742.852 
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Table 5.15 Calculations about As flows into mainstream and the accumulation effects in rainy day (Nov 2012) 
  
Anthropogenic 
water flows 
(m3/min) 
Tributary 
water 
discharges 
(m3/min) 
As concentration 
analyzed by 
ICP-MS (μg/kg) 
As 
concentration 
in human 
emissions 
(μg/kg) 
Heavy metal 
outflows 
(mg/min) 
Accumulated 
water 
discharge 
(m3/min) 
Accumulated 
Heavy metal 
flows 
(mg/min) 
Estimated As 
concentration 
in 
mainstream 
(μg/kg) 
Actually 
Measured 
water discharge 
(m3/min) 
Observed 
heavy metal 
flows at 
monitoring 
points 
(mg/min) 
101 
 
28.54 0.19 
 
5.422 28.54 5.422 0.190 
  
102 
 
20.00 0.24 
 
4.800 48.54 10.222 0.211 
  
P1 
  
0.2 
  
48.54 10.222 0.211 48.537 9.707 
201 
 
18.24 0.26 
 
4.743 66.78 14.965 0.224 
  
203 
 
9.65 0.31 
 
2.992 76.43 15.228 0.199 
  
Furutobe mine 0.23 
  
1.144 0.263 76.66 15.491 0.202 
  
205 
 
72.88 0.55 
 
40.084 149.54 55.575 0.372 
  
Intake to Kosaka refinery (4.00) 
   
(1.487) 145.54 54.088 0.372 
  
P2 
  
0.41 
  
145.54 54.088 0.372 192.000 78.720 
301 
 
69.45 0.6 
 
41.668 214.99 95.757 0.445 
  
302 
 
199.36 0.49 
 
97.688 414.35 193.445 0.467 
  
303 
 
50.34 0.52 
 
26.179 464.69 219.624 0.473 
  
304 
 
158.21 1.47 
 
232.573 622.91 452.196 0.726 
  
P3 
  
0.63 
  
622.91 452.196 0.726 690.984 435.320 
Intake to irrigation channel (53.50) 
   
(38.838) 569.41 413.358 0.726 
  
401 
 
36.12 0.35 
 
12.643 605.53 426.001 0.704 
  
P4 
  
0.57 
  
605.53 426.001 0.704 688.786 392.608 
Kosaka refinery 21.00 
  
2.537 53.277 626.53 479.278 0.765 
  
501 
 
61.88 0.55 
 
34.034 688.41 513.313 0.746 
  
503 
 
32.37 0.46 
 
14.891 720.78 528.204 0.733 
  
504 
 
248.73 0.81 
 
201.475 969.52 729.679 0.753 
  
505 
 
25.10 0.57 
 
14.310 994.62 743.988 0.748 
  
506 
 
46.25 0.2 
 
9.249 1040.87 753.238 0.724 
  
P5 
  
1.52 
  
1040.87 753.238 0.724 1205.164 1831.849 
603 
 
36.56 0.22 
 
8.043 1077.43 761.281 0.707 
  
601+602 
 
294.38 1.12 
 
329.706 1371.81 1090.987 0.795 
  
P6 
  
1.34 
  
1371.81 1090.987 0.795 1580.536 2117.918 
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5.4. Mass balance analysis 
Mass balance analysis of heavy metal confluence from the upstream to the 
downstream was carried out in this study, including the three periods of low water 
season (Oct 2013), high water season (May 2013) and rainy day (Nov 2012).  
The heavy metal outflows from each tributary polygon were calculated. The 
heavy metal concentration at one point can be estimated based on the upstream 
accumulation effects, by dividing the sum upstream heavy metal outflow amount with 
the waters discharge. While heavy metal outflows caused by anthropogenic emissions 
were calculated, taking into account of intake and drainage of water flow. The heavy 
metal concentration in river water was estimated by the heavy metal accumulation of 
the upstream polygons and drainages. Therefore, the intake heavy metal flows from 
the Kosaka River were calculated by multiple the drawoff amount of water discharge 
and the heavy metal concentration of intake water estimated by the upstream 
accumulation effect. The observed heavy metal flows at monitoring points were 
separately calculated based on the actually measure water discharge at the monitoring 
points and the heavy metal concentration data obtained by ICP-MS analysis. The 
calculations were tabulated in Tables from Table 5.1 to Table 5.15. The analysis 
results were shown in Figures from Figure 5.4 to Figure 5.9. 
In the Figures, the blue bars stand for the heavy metal outflows of non-point 
source part, corresponding to the natural heavy metal outflows from each tributary 
polygon. This part is derived from the natural dissolved out heavy metals from the 
land cover (soils and rocks) while the rainwater flow through and act with them 
within the watershed before reach the rivers. It is found that the blue bars changes a 
lot among different polygons and had different influence on the mainstream water 
quality. The red bars stand for the point sources, expressing the outflows caused by 
human activities. The red bars show that dominant human drainages significantly 
affect the river water quality in local. 
 177 
Figure 5.4 shows the Zn outflows into kosaka mainstream in low water season, 
high water and rainy day. It is cleared out where and how much the Zn come from 
into the mainstream. Zn outflows show strong variations among different polygons 
and had different influence on the Kosaka River water. Compared to high water 
season, the effect of human drainages on mainstream water quality in dry season is 
much larger with a larger contribution rate than the other natural Zn outflows. While 
the influences of human drainage were slight in rainy day with lower contribution rate, 
due to the dilution effect of the larger water discharge. That is to say, it is an effective 
way that arranges the industrial water discharges during precipitation period for 
reducing the influence effect to aquatic environment (Sherbinin et al., 2007), since the 
large water quantity would effectively diluted the pollutants. 
The blue line shows the accumulated heavy metal outflows of all the upstream 
drainages. The small red circles are the actually measured heavy metal outflows at the 
monitoring points, which can be used to check the accumulative effects of the 
upstream outflows. The accumulated heavy metal flows gradually increased from the 
upstream to the downstream. There was a sudden sharp increase in the downstream of 
polygon 401 for heavy metal Zn, caused by the extremely large contribution rate of 
Zn flow added by polygon 401. However, the accumulated Cu flows sharply 
increased from the downstream of monitoring point P4, mainly caused the discharge 
from Kosaka refinary. The same situation occurs to Cd as well as Cu. For all the 
heavy metals and As, the accumulated flows in the upstream area before monitoring 
point P2 attributed a relatively small part of the flows to the mainstream in the whole 
study area. It is concluded that the environmental effect of heavy metals in the 
upstream area was slight for Kosaka watershed compared to the downstream area, 
which sharply increased caused by the large heavy metal flows from the tributary 
polygons and Kosaka refinery. 
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The observed Zn flows at the monitoring points fit well the upstream 
accumulated Zn flows both in high water season and low water season. However, they 
were inconsistent with each other in rainy day. There was a great difference between 
the actually observed value and the estimated one. The similar situation occurred for 
heavy metal Cu and Cd, the roughly agreement between the actually observed value 
and the estimated one, and inconsistent in rainy day. 
The accumulated As flows in the upstream area were well consistent with the 
actually measured values, with the red circles almost lying on the blue lines (Figure 
5.8). However, the estimation results were not so good in the downstream area.  
By the reason of more complicate environment in the downstream, more human 
activity with more complicate human water use that did not involved in this study, the 
accumulated heavy metals flows in the downstream were disparate with the actually 
measured value at the monitoring points. Comparing speaking, the estimation results 
were also not good in rainy day, excluding Pb. Since the aquatic environment is more 
complicate than common day. 
In general, it is possible to estimate heavy metal content in the downstream based 
on all the upstream discharge information by mass balance nanlysis. Similarly, it is 
also possible to estimate the unmonitored tributaries branches when knowing the right 
upstream and downstream heavy metal discharge information. 
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Fig.5.4 Zn flows into Kosaka River and their accumulation effects (in Nov 2012, May 2013 and Oct 2013) 
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Fig.5.5 Cu flows into Kosaka River and their accumulation effects (in Nov 2012, May 2013 and Oct 2013) 
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Fig.5.6 Pb flows into Kosaka River and their accumulation effects (in Nov 2012, May 2013 and Oct 2013) 
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Fig.5.7 Cd flows into Kosaka River and their accumulation effects (in Nov 2012, May 2013 and Oct 2013) 
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Fig.5.8 As flows into Kosaka River and their accumulation effects (in Nov 2012, May 2013 and Oct 2013) 
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5.5. Conclusion 
Heavy metal outflows from sub-watershed polygons and human emissions were 
calculated, and their accumulation effects from the upstream to the downstream were 
analyzed, so as to clear out the pollution sources of heavy metals in Kosaka River. 
The conclusions in this chapter are as follows. 
 
Natural heavy metal outflows from the tributary polygons to the mainstream 
show strong variations in time and space, and had different influence to the 
mainstream water quality. For all the heavy metals and As, the outflows turned to be: 
rainy day > high water season > low water season. 
 
Mine site polygon 401 is a big pollution source in local, need treatment. Polygon 
601+602 might change to an obvious pollution sources zone with large outflow 
amount of heavy metals to the mainstream in rainy day. 
 
Dominant human drainages significantly affect the river water quality in local. 
The effect of human drainages affecting on the mainstream water quality was more 
serious in low water season than high water season and rainy day. While the 
influences of human drainage were slight in rainy day with lower contribution rate, 
due to the dilution effect of the larger water discharge. 
 
The environmental effect of heavy metals in the upstream area was slight for 
Kosaka watershed compared to the downstream area, which sharply increased caused 
by the large heavy metal flows from the tributary polygons and Kosaka refinery. 
 
In general, it is possible to estimate heavy metal content in the downstream based 
on all the upstream discharge information by mass balance analysis. Similarly, it is 
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also possible to estimate the unmonitored tributaries branches when knowing the right 
upstream and downstream heavy metal discharge information.
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6. CONCLUSIONS 
Rivers in a watershed is a system comprising both the mainstream and tributaries, 
carrying the one-way flow of a significant load of heavy metals in dissolved an 
particulate phase from both natural and anthropogenic sources. Heavy metals are 
present in various compartments or reservoirs in the aquatic system, such soluble status 
in river water, in river sediments and also in the suspended particles of river water. 
Aiming to view the spatial and temporal variations in the hydrochemistry of surface 
waters, regular monitoring programs are required for reliable estimates of water quality. 
In this study, the heavy metal behaviors both in river water and river sediments were 
analyzed in the Kosaka watershed, and also the heavy metals in suspended particles of 
river water were mentioned, with the purpose to clear out the heavy metal behaviors in 
different existing forms, to access the pollution level of heavy metals in river water and 
their influence factors, to clear out the pollution sources and access the pollutant load 
contribution of tributaries from individual watershed and/or human drainages. The 
conclusions are as follows: 
 
 The study area was divided into 18 individual tributaries polygons and 7 
mainstream polygons based on DEM data in ArcGIS. 
 Water discharges at the monitoring points were analyzed, while that in high water 
season (May 2013) is larger than in low water season (Oct 2013), was about 5 times 
the amount as in low water season at the downstream. As a hydrological event, 
Water discharge in rainy day (Nov 2012) was quite larger than those of other 
seasons.  
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 The water quality was bound up with the location of the monitoring points both in 
the high water season and low water season. Spatial variations of heavy metal 
concentrations were recognized. The larger water flow rate in high water season 
effectively diluted the pollutants, since the heavy metal concentration in low water 
season is larger than in high water season. High heavy metal concentration peaks 
show relation with the mine site location. 
 The heavy metal concentrations of bulk sample were larger than those in the 
filtered samples, and the differences were more remarkable in rainy day. The 
extremely high heavy metal contents in bulk samples occurred in selected polygons, 
such as polygon 205, polygon 601 and polygon 612. The tiny geological particles 
of surface land in Polygon 205, polygon 601 and polygon 612 were easily migrated 
by rain water wash. 
 Heavy metal concentrations in low water season were larger than those in high 
water season by and large. While heavy metal concentrations in rainy day were 
even larger than the average values in low water season.  
 Heavy metal Cd has strong correlation with both Zn and Cu in river water while 
there was strong correlation between heavy metal Zn and Pb in river water.  
 Total heavy metal contents show obvious spatial variations. There is strong 
correlation between Pb and As in river sediments. However, the interrelations 
between other heavy metals were weak. 
 Bioavailable of Zn, Cu and As increased in the downstream. The contents of Cu and 
As in residue fraction accounted for a great proportion of the total amount, 
revealing that Cu and As were difficult to release to environment. While Zn and Pb 
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dissolved out large parts in the BCR steps compared to Cu, As and Cd, standing for 
the easier dissolution. 
 The pollution risks of heavy metals show strong variation in time and space. The 
potential risk of Zn in the study area was relatively high. Cu was not so easy to 
release to the environment as Zn, and safer for human being. The pollution risk of 
As in the study area was slight, and As was difficult to dissolve out and transfer to 
the aquatic environment. The pollution risk of heavy metal Pb was relatively high, 
because of the extremely large proportion of bio-potential-available Pb. Cd show 
environmental sisk for biology in the study area, however，the potential risk was not 
severe. 
 The high potential risk of Zn in the study area was on account of the high Zn 
percentages in each fraction. The considerable enrichment of Zn in the study was 
revealed, consistent with that the study area was mining district area for 
Zn-Pb-Cu-Au-Ag massive sulphide deposits. 
 
 The effects from land use to river water quality is slight in study are， since there 
was no obvious correlations between heavy concentration in river water and land 
use structure. 
 Zn and Cu in river water is largely derived from natural precipitation but human 
drainages. Since there are strong correlations between the concentrations in river 
water and concentrations indifferent existing form of river sediments.  
 The sampling sites were grouped into 3 clusters, while cluster 3 with the highest 
pollution level corresponds to mine sites polygons. 
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  PCA retained three factors for heavy metals in river water, Factor 1 named as 
Zn-Pb factor, indicating the natural influence of geological background to heavy 
metals in rivers. The Cu-fators indicates outside disturbance. 
  PCA retained four factors for heavy metals in river sediments, Factor1 and Factor 
2 indicating two different geological characteristic forms (one associated with iron 
oxide and silica oxide, the other one did not). 
 
 Natural heavy metal outflows from the tributary polygons to the mainstream show 
strong variations in time and space, and had different influence to the mainstream 
water quality. For all the heavy metals and As, the outflows turned to be: rainy day 
> high water season > low water season. 
 Mine site polygon 401 is a big pollution source in local, need treatment. Polygon 
601+602 might change to an obvious pollution sources zone with large outflow 
amount of heavy metals to the mainstream in rainy day. 
 Dominant human drainages significantly affect the river water quality in local. The 
effect of human drainages affecting on the mainstream water quality was more 
serious in low water season than high water season and rainy day. While the 
influences of human drainage were slight in rainy day with lower contribution rate, 
due to the dilution effect of the larger water discharge. 
 The environmental effect of heavy metals in the upstream area was slight for 
Kosaka watershed compared to the downstream area, which sharply increased 
caused by the large heavy metal flows from the tributary polygons and Kosaka 
refinery. 
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 In general, it is possible to estimate heavy metal content in the downstream based 
on all the upstream discharge information by mass balance analysis. Similarly, it is 
also possible to estimate the unmonitored tributaries branches when knowing the 
right upstream and downstream heavy metal discharge information. 
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